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ABSTRACT 
Multiple-Stimulus Discrimination and Stimulus 
Overselectivity with Preschool Children 
by 
Maria C. Quintero, Doctor of Philosophy 
Utah State University, 1987 
Major Professor: Sebastian Striefel, Ph.D. 
Department: Psychology 
Stimulus overselectivity is said to occur when behavior is under 
the control of a restricted set of stimuli from a stimulus complex. 
Three studies investigated the effects of specific multiple-stimulus 
training histories upon the overselective responding of normal 
preschool children. 
In Experiment 1, eight children 3 to 5 years of age, were trained 
to discriminate forms presented on cards. Each form was labelled with 
a nonsense syllable, and each card (multiple stimulus) consisted of two 
forms. A time-delay training procedure was used. Four subjects were 
trained using Concurrent training in which two of the three S- response 
choices contained components of the S+. Four subjects were trained 
using Sequential training in which the choices did not contain S+ 
components, but S+s were trained in order such that one component of a 
previously- trained S+ was present in the next S+. Subjects trained 
using Concurrent training acquired the discriminations in fewer trials, 
and had fewer errors during training. However, they responded to 
single components at chance level, whereas subjects trained using 
xi 
Sequential training recognized components and were able to recombine 
them into novel combinations. 
Experiment 2 was designed to investigate the effects of 
interspersing component probes among review trials of previously-
learned S+s that contained those components. Responses of two subjects 
to components were probed with interspersed review trials. Subjects 
with a Sequential training history demonstrated higher levels of 
correct responding to recombinations of components, whereas subjects 
with a Concurrent history continued to respond at chance level. 
In Experiment 3, two subjects with a history of Concurrent 
training were trained using Sequential training. The subjects learned 
to respond to recombinations and components at criterion level. 
It was concluded that multiple-stimulus training, in which S+ 
components are presented sequentially, is an effective method for 
training subjects to respond to components as well as to the total 
multiple stimulus. Findings are discussed in relation to : (a) 
attention theory and implications for related areas, such as stimulus 
salience and functionality; (b) a reassessment of the definition of 
overselectivity; and (c) implications for research with other 
populations. 
(169 pages) 
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CHAPTER I 
INTRODUCTION 
An organism's ability to respond to multiple stimuli, or a 
stimulus composed of two or more parts, in the environment is an 
important adaptive skill, which can determine success in a broad range 
of functioning, from reading simple words such as CAT versus CUT, to 
recognizing life-threatening situations. Researchers have documented 
the limited skills of young normal children (Fischer & Zeaman, 1973; 
Lovaas, Schreibman, Koegel, & Rehm, 1971; Siversten, 1976), learning 
disabled children (Lovaas, Koegel, & Schreibman, 1979; Ross, 1976; 
Trabasso & Bower, 1968; Zeaman & House, 1963), retarded children and 
adults (Lovaas et al . , 1979; Striefel, Bryan, & Aikins, 1974; Striefel 
& Wetherby, 1973; Striefel, Wetherby, & Karlan, 1978; Zeaman & House, 
1963), and autistic children and adults (Lovaas et al., 1971) in 
responding to multiple stimuli. Young normal children between the ages 
of 2 and 6 years (Schover & Newsom, 1976) reliably respond to fewer 
stimulus cues than older normal children. In retarded and autistic 
humans, the pattern of responding to a restricted range of stimuli has 
been formally named stimulus overselectivity (Lovaas et al., 1971) and 
has been documented across multiple visual (Cowan, Hodinott, & Wright, 
1965; Koegel & Rincover, 1976; Koegel & Schreibman, 1977; Koegel & 
Wilhelm, 1973; Schneider & Salzburg, 1982; Schreibman, 1975; Schreibman 
& Lovaas, 1973), multiple auditory (Reynolds, Newsom, & Lovaas, 1974; 
Schreibman, 1975), visual-auditory-tactile (Lovaas et al., 197i), and 
auditory-visual stimuli (Smeets, Hoogeveen, Striefel, & Lancioni, 1985; 
Striefel et al., 1974; Striefel & Wetherby, 1973). 
Overselective behavior is not limited to humans. Responses 
controlled by portions of multiple stimuli have been studied with 
animals as examples of overshadowing (Blough, 1969; Heinneman & Chase, 
1970; Honig & Urcuioli, 1981; Mackintosh, 1974; 1977; Miles & Jenkins, 
1973). However, the findings of animal research in overshadowing have 
not been integrated with research in human overselectivity, although 
the two behaviors are functionally identical. 
It is clear that infrahumans and some humans under certain 
conditions (particularly humans with young mental ages, with or without 
disability) are deficient in the ability to respond to multiple 
stimuli. Since many skills are acquired through incidental learning 
(Bandura, 1969; Ross, 1976), and since individuals who respond to 
restricted stimulus cues show a reduced level of learning (Ross, 1976), 
the task of the researcher is no longer to document the existence of 
overselectivity, but rather to investigate methods of establishing and 
manipulating an organism's responses to multiple stimuli. 
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CHAPTER II 
STATEMENT OF THE PROBLEM 
Procedures to eliminate or manipulate overselective responding 
have included training subjects to respond to individual components of 
a multiple stimulus (Striefel et al., 1978), prompt fading (Koegel & 
Rincover, 1979; Rincover, 1978; Schreibman, 1975; Smeets et al., 1985; 
Schover & Newsom, 1976; Schreibman, Koegel, & Craig, 1977), and 
multiple-stimulus training (Koegel & Schreibman, 1977; Striefel et al ., 
1974; Striefel & Wetherby, 1973; Striefel et al . , 1978). 
Training a subject to identify each component which will be used 
in a multiple stimulus is an effective method for increasing the 
probability that subjects will attend to all of the components of a 
complex stimulus. Unfortunately, it is also a time-consuming process 
which still does not train the subject to respond to components when 
they are presented as sets, or multiples. In one study, Striefel et 
al., (1978) trained severely retarded subjects to discriminate 12 nouns 
and 12 verbs. They found that although five out of six subjects 
improved in their ability to follow noun-verb instructions using the 
trained nouns and verbs, the largest increases were observed for the 
subjects who demonstrated some noun-verb combination skills in 
baseline. Furthermore, only two subjects increased correct responding 
to 72% and 85%. The remainder responded below 20%, which can be 
considered a low level of accurate responding. 
Prompt fading procedures have also been used with overselective 
individuals. The subject is first trained to emit a response (such as 
pointing or pressing a bar) in the presence of a prompt (such as the 
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cross bar of a letter Hin a nonsense syllable). The prompt is then 
either inserted in the stimulus and gradually reduced in salience, or 
it is placed in close proximity to the stimulus (such as in a corner of 
the card containing the stimulus), and reduced in salience. As the 
salience of the prompt decreases, stimulus control over responding 
hypothetically shifts from the prompt to the total stimulus. 
Unfortunately, this procedure actually shapes overselective responding 
in subjects who have not been trained to respond to multiple stimuli 
(Lovaas et al., 1979; Rincover, 1978; Schreibman, 1975). The use of 
prompt fading does not manipulate overselectivity; it merely 
accommodates it. As long as the portion of the stimulus which 
contained the prompt remains present, subjects continue to respond 
correctly. However, if the portion of the stimulus which contained the 
prompt is eliminated, responses in overselective subjects decrease to 
chance levels (Schreibman, 1975). Similar findings have been reported 
in studies where the prompt used is external to the stimulus (i.e., the 
prompt is not integrated as a portion of the stimulus) (Rincover, 
1978). When the salience of the prompt is faded completed, responding 
decreases from near-perfect to chance levels. 
Another method which has been used to eliminate overselectivity is 
overtraining with interspersed component probe trials. Schover and 
Newsom (1976) and Zeaman and House (1963) demonstrated that subjects 
who continued to receive training after they had met criterion on a 
discrimination task began to demonstrate stimulus control of responding 
by components that previously did not control responding. Schreibman, 
Koegel, and Craig (1977) determined that overtraining per se did not 
alter overselectivity; rather, responding to components emerged when 
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those components were interspersed randomly during post-training 
trials. Furthermore, the variable schedules of reinforcement that 
were used during overtraining were found by Koegel, Schreibman, 
Britten, and Laitinen (1979) to result in significantly less 
overselectivity than continuous reinforcement schedules that were more 
typical of the training procedures. 
Nevertheless, overtraining with interspersed components is a time-
consuming method which has yet to be used as a reliable means for 
altering overselective responding. The most direct method for altering 
overselectivity is by training subjects to respond to multiple stimuli, 
or cues. This approach is based on the assumption that multiple-cue 
discrimination is a learned behavior which can be established through 
direct training and which can be systematically manipulated. Koegel 
and Schreibman (1977) successfully trained one autistic child to press 
a bar in the presence of multiple stimuli, e.g., a green square (S+) 
versus a pink pear (S-), or a red star (S-). The presence or absence 
of overselectivity was documented by a conditional discrimination test 
(e.g., orange square, green square, and green ellipse). If the subject 
consistently selected the trained stimulus (e.g., green square) during 
conditional discrimination trials, the subject was said to have learned 
to identify each stimulus cue (e.g., green and square). The subject in 
the Koegel and Schreibman (1977) study responded perfectly after the 
third stimulus set was tried, and the experimenters concluded that the 
subject had learned to respond to multiple cues. 
The Koegel and Schreibman (1977) study raises interesting 
questions about multiple-stimulus training. First, the conclusion that 
a subject's responses are under the control of both parts of a two-part 
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stimulus can only be established if the subject is required to respond 
to each element individually. Even more convincing is the subject's 
ability to recombine the elements with other previously-learned 
elements. It is possible for subjects to continue to be overselective; 
i.e., for their responses to be controlled by a limited set of cues, 
although the subject may be displaying a behavior which appears to be 
representative of control by all parts of the stimulus. Striefel et 
al. (1974), Striefel and Wetherby (1973), and Striefel et al. (1978) 
demonstrated that subjects could often respond correctly to multiple 
stimuli (e.g ., push comb), but could not respond correctly if the 
components were recombined with other components (push car or drop 
comb). However, when the instructions were trained in a sequence so 
that one component of the previous S+ overlapped with the next S+, 
subjects learned to recombine previously-learned components into new 
combinations (Striefel et al., 1974; Striefel, Wetherby, & Karlan, 
1976; 1978). 
A second question raised by Koegel and Schreibman (1977) involves 
the choices presented during training. In light of the evidence that 
stimulus control by components can be established in overselective 
subjects by interspersing component probe trials, it may be possible to 
reduce or eliminate overselective responding and to train a subject to 
attend to, and respond to, components of a multiple stimulus by 
training a subject to respond to multiple stimuli in the presence of 
choices which contained the same components, but in different 
combinations. This procedure could require subjects to identi~y the 
precise combination of components which result in reinforcement, and 
could more directly train responses to multiple stimuli. 
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The present research addresses these two questions by 
investigating the effects of specific multiple-stimulus training 
histories upon overselective responding. This research contributes to 
the theoretical base of human discrimination research by examining 
methodological parameters that determine stimulus control by components 
of multiple stimuli, and redefines the construct of stimulus 
overselectivity. 
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CHAPTER III 
REVIEW OF LITERATURE 
Selective Perception in Stimulus Discrimination 
The procedure by which organisms learn to emit appropriate behavior 
in the presence of one stimulus (S+) and not in the presence of another 
stimulus (S-) is called stimulus discrimination training (Martin & Pear, 
1978). Stimulus discrimination training consists of reinforcing 
responses in the presence of an S+ and punishing responses or with-
holding reinforcement in the presence of an S-. The stimulus in the 
presence of which the organism learns to emit a response is said to have 
acquired stimulus control of responding. When the S+ is composed of two 
or more parts (also known as components or cues), to which the subject 
is trained to respond, multiple-stimulus training occurs. By sampling a 
subject's responses in the presence of different components, relative 
stimulus control of responding by each component can be determined. 
Stimulus control is dependent upon an organism's ability to 
identify the S+. If an organism cannot perceive an S+ (e .g., cannot see 
a visual signal or cannot hear a tone), it is not possible to train the 
organism to respond to the stimulus. The process of perceiving a 
stimulus has been the topic of extensive attention research. Attention 
is defined most commonly as a two-stage process in which an organism 
must first attend to, or perceive, the relevant dimension(s) of a 
stimulus, and then the organism must respond overtly to the dimension(s) 
(Zeaman & House, 1963). The process of perception has, in turn, been 
studied as a composite of two basic behaviors: (a) orienting to the 
stimulus (physically positioning the organism in the direction of a 
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visual stimulus, etc.; and (b) subsequent analysis and/ or sampling 
responses to identify the functional part of the stimulus (i.e., that 
part in the presence of which the organism receives reinforcement for 
responding). The terms for perception proposed by several researchers 
are summarized in Table 1. 
Table 1 
Perception Terminology 
Researcher 
Lashley (1938) 
Wycoff (1952, 1954) 
Goodwin & Lawrence (1955) 
Zaporozhets (1957) 
Zeaman & House {1963) 
Polidora & Fletcher {1964) 
Mackintosh (1977) 
Term Used for Perception 
Receptor-Oriented Act 
Orienting Response 
Orientation and Post-Reception 
Analysis 
Orienting-Investigatory Activity 
Attending to Relevant Stimulus 
Orienting Response {Step One) 
Sampling Response (Step Two) 
Switch-in Appropriate Stimulus 
Analyzer 
The second step hypothesized as part of perception, the analysis or 
sampling of responses to identify the functional part(s) of a stimulus, 
is critical in successful multiple-stimulus training. An organism may 
perceive an S+ that is composed of several parts; however, if the 
organism does not distinguish the parts of the stimulus which are 
associated with reinforcement from the other parts of the S+, then when 
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that functional part is altered or removed, the organism may continue to 
respond as though the part were still intact. The organism continues to 
respond to other characteristics of the S+ (or even of the general 
training environment), but does not demonstrate stimulus control by the 
component which is designated by the experimenter as the functional S+. 
Multiple-Stimulus Perception Research 
With Young Normal Children 
The response patterns of young normal children to multiple stimuli 
have been examined in infants as young as 14 months. Treiber and Wilcox 
(1984) demonstrated that 14-month-old infants differentiated between 4 
and 5 dots on a visual display, but did not differentiate changes in 
total area, area density, total contour, contour density, or configur-
ations of equal numbers of dots. In preschool children 3 to 5 years of 
age, the discrimination of components of a whole has been attributed to 
saliency of the component (Rosser, Enseng, & Mazzeo, 1985), novelty 
preference (Wetryol & Wanich, 1983; Zeaman, 1976), partitioning or 
clustering of components (Spiker & Cantor, 1983), age (Day, 1978; 
Garner, 1962; Wallace, 1984), number of bits of information (Osler & 
Kofsky, 1965), redundancy of components (Wallace, 1984), and stimulus 
sampling by young children (Lovaas et al., 1979). 
Stimulus Salience 
Stimulus salience was defined by Rosser et al., (1985) as "the 
extent to which a stimulus attribute is likely to be attended to" (p. 
98). Salience in their study was manipulated by instructing 3~ and 4-
year-old children to identify the picture that represented various 
orientations of clocks with highly salient designs (a star and a dot) 
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versus low salience designs (one to three small protrusions on the sides 
of the clocks). The children who worked with clocks that had highly 
salient components responded more accurately than children who worked 
with clocks that only had one protrusion for orientation. All children 
responded at chance levels when they worked with clocks that had two or 
three protrusions for orientation. In summary, the more salient compon-
ents resulted in easier tracking of the multiple stimulus when it was 
changed in orientation. 
Stimulus Novelty 
The tendency for some organisms to respond to a novel stimulus 
after one demonstration on a relevant stimulus was explained as the 
Moss-Harlow effect by Zeaman (1976), who documented the behavior in 
monkeys and retarded children with mental ages of 3 to 8 years. Younger 
children reportedly showed greater preference for novel stimuli than did 
older children; however, this preference could be overcome by discrimin-
ation training. In an extension of this research, Wetryol and Wanich 
(1983) demonstrated that the novelty preference was exhibited by 
children between the ages of 4 to 11 years. The task used in the latter 
study involved different numbers of reinforced trials to a highly 
desirable stimulus (rat fink stickers) and to a low desirable stimulus 
{a plastic cow). Subjects who had more trials with the stickers 
responded less to the stickers on subsequent probe trials than subjects 
who had fewer trials with stickers. The authors concluded that a 
nonlearning choice task was a true demonstration that all of their 
subjects responded on the basis of novelty preference; however; they 
pointed out that on learning tasks, younger children {ages 4 and 5) 
respond to the perceptually salient cues of a stimulus and continue to 
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show novelty preference, whereas older children use previous learning 
histories to select familiar stimuli. 
Stimulus Distribution, 
Number, and Redundancy 
An explanation of differential discrimination by older versus 
younger children was supported by Spiker and Cantor (1983). They 
defined their multiple stimuli as unitary (all three critical dimensions 
were integrated within a figure, such as a small red ball) or parti-
tioned (the three dimensions were separately represented on one card, 
e .g., a large arrow designated size, a swatch (shapeless form) of color 
designated color, and a figure designated shape). Kindergarten children 
in this study had longer response times when asked to discriminate the 
components of unitary versus than partitioned stimuli. In contrast, 
second grade subjects were equally proficient on the unitary and 
partitioned discrimination tasks. 
The findings of Spiker and Cantor (1983) support the conclusion of 
Osler and Kofsky (1965) that eight-year-old children can process three 
bits of information simultaneously, but four-year-old children can only 
process one bit of information at a time. Wallace (1984) demonstrated 
differential age effects upon discrimination in 6- to 9-year-olds on a 
puzzle task. In the Wallace study, children were instructed to solve 
six 16-piece puzzles which contained varying degrees of redundancy in 
pattern and color. Subjects took longer to solve unidimensional puzzles 
(those on which pattern or color were the only variation) than 
multidimensional puzzles (those with various colors and/or patterns). 
Since unidimensional puzzles had fewer redundant cues, it was concluded 
that less redundancy resulted in a more difficult discrimination of 
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parts. Younger children (age 6) did significantly better on tasks with 
little redundancy compared to tasks with high redundancy, suggesting 
that the younger subjects benefited more from the difference in cues. 
Clement (1978) conducted similar research which suggested that the young 
child's ability to process complex stimuli might be associated with 
developmental changes in the use of redundant cues. 
Additional Factors in the Acquisition 
of Discriminations 
Zeaman and House (1963) demonstrated that severely retarded 
children were slower to acquire a discrimination than their non-
handicapped or mildly handicapped peers; but once the discrimination was 
acquired, rates of correct responding among the three groups were 
comparable. Lovaas et al. (1979) reviewed research indicating that 
young normal children, some children with autism, and some normal 
children with learning disabilities demonstrate similar difficulties in 
discriminating components of complex stimuli. Lovaas and colleagues 
(1979) speculated that these children may sample fewer stimulus cues 
during the perceptual phase of discrimination, and thus may increase 
training time because a stimulus cue may take longer to be included in 
the child's sample on any given training trial. Which part of the 
stimulus will be sampled is said to be determined by the factors 
discussed previously; i.e., saliency, novelty, distribution, number, and 
redundancy. These factors may operate independently, although it is 
likeliest that they interrelate to unknown degrees (Lovaas et al., 1979; 
Wetryol & Wanich, 1983). When an organism's responses are controlled by 
a restricted portion of an S+, the organism is said to exhibit stimulus 
overselectivitv (Lovaas et al., 1971). 
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Stimulus Overselectivity 
Stimulus overselectivity was first documented by Lovaas et al. 
(1971) to describe a pattern of responding in autistic children who 
responded only to a portion of a complex stimulus. The stimulus used in 
this first study consisted of visual, tactile, and auditory signals, 
combined in a simultaneous presentation. When components were presented 
individually during test trials, 6-year-old normal children used as a 
control group in that study discriminated each of the individual compon-
ents. On the average , a group of retarded, non-autistic children 
responded to two of the three components when they were presented 
individually. The autistic children, however, displayed a tendency to 
respond only to one component when components were presented individ -
ually. According to the authors, autistic subjects appeared to ignore 
the other two components. Although not all autistic children exhibited 
overselective responding, stimulus overselectivity was subsequently 
researched extensively with autistic children, and was documented in 
autistic subjects using two- and three-component complexes consisting of 
combinations of visual, auditory, tactile, and/or social stimuli (Lovaas 
et al., 1979). 
The profusion of research on overselectivity with autistic subjects 
led to speculation that many of the behavioral deficits of this popula-
tion resulted from the tendency to respond to very few cues in the 
environment (Lovaas et al., 1979; Lovaas et al., 1971; Reynolds et al., 
1974). However, as more studies were conducted, over-selectivity was 
also documented in young children (average age of six years) and 
mentally retarded individuals who did not exhibit autism, on training 
tasks using three-component complexes (Schover & Newsom, 1976; Wilhelm & 
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Lovaas, 1976). In these cases, the overselective response pattern 
appeared to be correlated strongly with developmental level; i.e., 
children with younger mental ages, whether normal or retarded, responded 
to fewer individual components of a complex stimulus. Further, 
virtually all studies using autistic subjects reported that not all of 
these individuals were overselective. Even within this group, lower 
mental ages continued to be correlated with an increasing tendency to 
overselect (Lovaas et al., 1979). 
Overselective responding is not necessarily a maladaptive response 
pattern. Daily examples of overselective responding demonstrate how the 
behavior can be adaptive for an organism. For example, if a human were 
to attend to all details in the general environment, the overload of 
stimuli could preclude the ability to identify critical environmental 
features (e.g., a red stop light at an intersection), and could result 
in disaster . Stimulus overselectivity only becomes of interest when an 
organism does not identify relevant cues in the environment. In this 
case, overselective responding can lead to disastrous consequences, or 
at minimum, the inability to learn new tasks, because the organism does 
not accurately perceive critical features of the environment (Koegel & 
Schreibman, 1977; Lovaas et al., 1979). 
Stimulus Overselectivity: An Historical 
Perspective in Animal Research 
The term "overselectivity" has not been used in animal research; 
however, stimulus discrimination research conducted with animals 
describes precisely the pattern of behavior which in humans has been 
labelled overselectivity. This line of study began in earnest with an 
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investigation conducted by Jenkins and Harrison in 1960, and was 
expanded by others in research reviewed by Honig and Urcuioli (1981). 
From this research, overshadowing emerges as an analog of human over-
selectivity. Overshadowing is defined as the reduction or elimination 
of evident stimulus control by a particular stimulus when a competing 
stimulus is presented simultaneously during training (Mackintosh, 1977). 
Stimulus Functionality 
Research on overshadowing has focused on determining which 
characteristics of a stimulus presented simultaneously with an S+ during 
training, controls responding after training. Miles and Jenkins (1973) 
addressed this question by presenting a single light intensity plus a 
tone as the S+ and other light intensities, with no accompanying tone, 
as the S-. It was expected that the presence or absence of the tone 
would become the discriminative stimulus for the pigeons used in the 
study. However, the authors found that pigeons demonstrated stimulus 
control by the light when the discriminations between the intensities of 
light used for the S+ and S- were easy. When the differences among 
light intensities were less salient (when light intensities were 
similar), pigeons demonstrated stimulus control by the tone in the S+ 
complex, but not by the light. The authors concluded that a stimulus on 
a criterion dimension could be overshadowed by a competing or redundant 
stimulus that also predicted reinforcement. This study raised the 
possibility that an organism could respond selectively to different 
parts of a whole, although the experimenter determined that all parts 
were equally predictive of reinforcement. 
Blough (1969) and Heinneman and Chase (1970) explored a similar 
line of research using a matrix design to recombine different stimulus 
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values across two dimensions. Blough combined seven spectral light 
values with seven pure tone values to generate 49 possible combinations, 
then reinforced pigeons for pecking a key only in the presence of one 
combination. Responses during the remaining 48 combinations were not 
reinforced. In this manner, Blough created a situation in which 
subjects had to learn to discriminate both components in order to 
respond correctly and be rewarded. The results of this study suggested 
that in a complex stimulus, an organism can learn which components 
predict reinforcement and which do not, then proceed to respond in the 
presence of those that are functional, or that reliably predict 
reinforcement. Unfortunately, the Blough study lacked controls over 
reinforcement densities for other combinations during the final phases 
of the study, so Heinneman and Chase (1970} designed a study using a 
similar design in which reinforcement densities were strictly 
controlled. The stimulus components of this study were two intensities 
of light and two intensities of white noise. Each value on a dimension 
was paired with both values in the other dimension, resulting in four 
possible multiple-stimulus combinations. Again, by requiring that 
subjects respond to both values, pigeons were trained to respond to one 
complex. By then allowing one dimension to fluctuate while holding the 
other constant, the authors demonstrated that the pigeons responded 
differentially to the component that predicted reinforcement. 
The Stimulus X Theory of Overshadowing 
Honig and Urcuoili (1981} described how pigeons trained on a tue 
discrimination (blue key versus green key} then trained to respond to a 
key with three vertical lines, demonstrated sharper discrimination 
gradients to the lines than pigeons who had undergone pseudodiscrimin-
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ation training; i.e., had received reinforcement half of the time for 
responding to the green key and half of the time for responding to the 
blue key. As indicated in Figure 1, subjects were trained to respond 
either in a true or a pseudodiscrimination situation; true discrimin-
ation training involved reinforcement associated with S+ and not with S-
' and pseudodiscrimination training consisted of nondifferential 
reinforcement in the presence of both stimuli. The second step in the 
Step 1 
Step 2 
Step 3 
Results: 
True Discrimination 
Blue 
100% S+ 
111 
S+ 
Green 
100% S-
Test line gradients 
Sharper generalization 
Pseudodiscrimination 
Blue 
50% S+ 
50% S-
111 S+ 
Green 
50% s-
50% S+ 
Test line gradients 
Flatter generalization 
Figure 1. True versus pseudodiscrimination training 
procedure was the introduction of a totally different stimulus, without 
cJntrasting S-, and responding was then shaped to this new stimulus. 
G~neralization tests were conducted on this second stimulus dimension. 
S1arper generalization gradients were observed in the responses of 
s1bjects who had true discrimination training. It appeared that a 
p·evious discrimination training history affected the generalization 
g·adient obtained from training on subsequent stimuli. 
The following analysis of these results was proposed by Mackintosh 
( .974; 1977) as a derivative of Attention Theory: Experimenter-
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mspecified cues, collectively termed Stimulus X, are present in the 
training phase of every study. When an organism is not trained to 
ciscriminate stimulus elements that predict reinforcement, such as 
dJring pseudodiscrimination training, the organism is in a position to 
~sociate any or all Stimulus X cues with reinforcement (e.g., the 
t~aining cage, lights, handling by the experimenter, etc.). During 
s1bsequent training in the same setting, still in the presence of 
S:imulus X, the organism will learn little, if anything, about the 
r !lation between reinforcement and a new cue. In the true 
d·scrimination condition, however, the potential stimulus control which 
c<uld develop from Stimulus Xis reduced because a discrete cue in the 
ervironment, the S+, is predictive of reinforcement and other 
ervironmental components are not. 
Overshadowing, Overselection, and Attention Theory 
The Stimulus X hypothesis in Attention Theory may also account for 
the behavior of a human subject who responds to a portion of a complex 
that comprises an S+. For example, if an S+ is a three-letter syllable, 
anj the same three letters always comprise the S+, then a subject who 
on y responds to the presence of the first letter will always respond 
co rectly, and receive reinforcement. The presence of the other two 
le t ters is redundant, since those letters, although always present, are 
not necessary for reinforcement. It would actually be surprising to 
find that an organism who has not been trained to attend to the 
remainder of these letters does so without previous training on complex 
stimuli. An organism who responds to every component of any complex 
would demonstrate lack of stimulus control by its inability to respond 
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efficiently to components that are associated with reinforcement. The 
overselective subject responds to some cues in the environment, but the 
S+ which controls responding can be any object or event in the 
environment, which is present during training. Lovaas et al. (1979) 
observed that autistic subjects often responded to seemingly irrelevant 
cues in the environment, such as the trainer's hand motions or physical 
characteristics of the trainer or the training setting. These 
observations are far less surpr i sing in light of the Stimulus X 
hypothesis of attention theory. Simply stated, the autistic subjects 
responded to a component in the environment which was correlated with 
reinforcement . The designation of a particular stimulus card or verbal 
cue as the S+ was, for all practical purposes, an arbitrary assignment 
by the experimenter. The subjects did not behave in an unusual manner, 
nor did they respond to "irrelevant .. . incidental stimuli" (Lovaas et 
al., 1979, p. 1234). The stimuli to which the subjects responded were 
clearly associated with, and were predictive of, reinforcement. 
Other Theories of Overshadowinq/Overselectivitv 
The Stimulus X explanation for overshadowing proposed in Attention 
Theory is not the only attempt in the research literature to explain 
differential patterns of stimulus control associated with overshadowing. 
Rescorla and Wagner (1972) postulated that parts of a multiple stimulus 
compete for control over a fixed amount of associative strength which 
becomes dispersed across the different components, resulting in 
differential stimulus control. In this theory, the more salie~t 
stimulus (salience determined by competing characteristics such as light 
intensity, size, etc.) gets the greatest share of associative strength, 
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and, therefore, has the greatest degree of stimulus control over 
responding. This theory is consistent with the findings of Bickel, 
Stella, and Etzel (1984), who demonstrated that the responses of 
overselective humans were not controlled exclusively by some components 
of a complex; but rather, overselective subjects exhibited varying 
degrees of stimulus control by components of the S+. Furthermore, 
overselective subjects demonstrated varying degrees of stimulus control 
by parts of the S-. These findings led Bickel et al. (1984) to conclude 
that stimulus overselectivity might better be defined as a hierarchy of 
stimulus control which includes control by S-components, and is 
characterized by varying degrees of control by components of the S+. 
Although this explanation appears similar to the explanation proposed by 
attention theorists, it differs in that Attention Theory allows for the 
possibility that some parts of a stimulus may acquire no control over 
responding, whereas Rescorla and Wagner's (1972) theory and Bickel et 
al.'s (1984) redefinition of overselectivity suggest that something is 
learned about all components, but stimulus control may not be evident 
because of limitations in the methodology used to test for control 
(Couvillon, Klosterhalfen, & Bitterman, 1983). 
Another interpretation of overshadowing is based historically in 
the work of Hull (1943). In this explanation, it is hypothesized that 
an organism's response to a multiple stimulus may not necessarily be a 
summative equivalent of stimulus control by the parts of the whole. The 
combination of components is said to impact afferent neurological 
processes in an interactive manner, resulting in a multiple stimulus in 
which the components do not maintain discrete qualities of their 
individual forms. Interactions might enhance, rather than reduce, 
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control by an otherwise nondistinctive component. Conversely, 
interactions might reduce the control otherwise exhibited by an 
individual component. This explanation shares some similarities with 
Bickel et al.'s (1984) redefinition of overselectivity as a hierarchy of 
stimulus control; however, it adds the possibility that an organism's 
perception of a component of a multiple stimulus may be qualitatively 
altered by other components. These findings have been supported by 
overshadowing research with honeybees (Couvillon et al., 1983) and 
pigeons (Farthing & Hearst , 1970). Couvil lon and colleagues point out 
our limited knowledge about interactions among parts of a multiple 
stimulus. They call for research to investigate the responses of 
organisms within unidimensional stimuli (e.g., all visual components) 
before we attempt to sort responses across different dimensions (e.g., 
combinations of visual and olfactory components). Furthermore, they 
suggest a review of methodologies to examine how researchers may be 
investigating overshadowing without recognizing that some methodologies 
could be enhancing or reducing stimulus control . 
Characteristic Methodology of Research 
in Human Overselectivity 
Three basic methodologies have been used to study overselectivity 
in humans. The first, demonstrated in the original Lovaas et al. (1971) 
study, consists of first training subjects to respond to a stimulus 
composed of various components (e.g., visual, auditory, and tactile; any 
combination of these; or several components within a single mo~ality). 
The trained response can be as simple as a bar press. The test for 
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overselectivity is then conducted by presenting the single components of 
the complex and noting to which component(s) each subject responds. 
The second methodology consists of training a subject to 
discriminate between two complex stimuli, one arbitrarily identified as 
the stimulus to which responses are reinforced (S+) and the other 
designated as the complex to which responses are ignored, corrected, or 
punished (S-). Portions of the S+ are then presented individually to 
determine if the subject responds in the presence of these portions. 
Rincover (1978) conducted a study using this format with nonsense 
syllables as the stimuli. Two cards were presented simultaneously, an 
S+ syllable card and an S- syllable card. The subject was trained to 
point to the S+ syllable by using a stimulus fading technique. In the 
initial steps of the training, subjects were presented either a portion 
of the S+ (within-stimulus prompt) or a mark on the corner of the card 
which was later to contain the S+ syllable (extra -stimulus prompt). 
Responses to the prompts were reinforced, then portions of the S+ were 
gradually added to the card until the subject was responding to the 
whole S+ syllable. Overselectivity tests were conducted by presenting 
components of the S+ (such as a card with only the first letter in the 
S+ syllable) versus the S- or the components of the S- . These test 
trials, usually interspersed as nonreinforced probe trials throughout 
training, allowed the experimenter to determine which components of the 
S+ controlled responding. On probe trials, subjects demonstrated 
overselective responses to the letter which contained the prompt, and 
did not respond to the remaining letters of the S+ syllable. 
A third methodology was reported by Schneider and Salzberg (1982). 
They used a match-to-sample technique for studying overselectivity. The 
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stimuli in this study were different shapes, surrounded by different 
borders, and presented in different colors. Consequently, three 
different dimensions were manipulated: shape, color, and border; and 
different complexes were generated by presenting the dimensions in a 
variety of combinations. On each trial, a sample was presented along 
with four possible response choices. These choices did not have 
components similar to components in the training item. During training, 
subjects were taught to match the various dimensions. Overselectivity 
was documented by observing which dimensions the subjects matched during 
probe trials. 
Critique of Methodologies 
The three procedures reviewed share a major drawback. In all three 
methodologies, the experimenter presents a complex stimulus (one 
composed of various elements such as letters, symbols, etc.) and 
reinforces the subject for emitting a response in the presence of the 
total stimulus with the assumption that, since all components of the 
stimulus are equally reinforced, each component should control 
responding equally when presented in isolation . The subject, however, 
need not make the same assumption in order to receive a reward for 
correctly responding to the complex. A subject can easily identify one 
(or several) element(s) of the complex and respond to that discrete 
portion, without sacrificing reinforcement. In fact, a subject may even 
identify a feature of the environment which is always present when 
reinforcement is delivered and may respond to that feature, although it 
may not be a part of the stimulus chosen by the experimenter for 
training. Subjects who respond overselectively to a task may not be 
ignoring certain stimulus components, but instead may be responding to a 
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reinforcement contingency established by the experimenter, in which the 
experimenter-defined functional elements of a complex stimulus are not 
associated specifically with reinforcement. 
Summary and Discussion 
The response pattern, known in humans as stimulus overselectivity, 
has been described and studied in animals under the label 
"overshadowing." From the results of animal research, we are now in a 
position to examine human overselectivity more closely in order to 
determine how differential stimulus control of responding to components 
is established while training the individual to respond to the whole; 
and more importantly, to provide support for, or to challenge, existing 
theories of stimulus control. 
The present research base on human overselectivity is lacking in 
the studies which examine methods for training subjects to respond to 
the multiple stimuli without needing to train the subject to respond to 
individual components. What is needed is a method for training a 
strategy rather than individual exemplars (Goldstein, 1984). The 
research reviewed in this paper strongly suggests that a training method 
which provides systematic overlaps of the previously-learned items in 
combination with new ones can be used successfully to develop 
instruction-following behavior in humans (Striefel et al., 1974; 
Striefel & Wetherby, 1973; Striefel et al., 1976; 1978), responding to 
differential multiple stimuli in pigeons (Blough, 1969; Heinneman & 
Chase, 1970), and in linguistic research of language generalization 
(Goldstein, 1984; Striefel & Owens, 1980; Foss, 1968). The most 
efficient way of organizing stimuli to create an overlap is by designing 
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a matrix in which the components to be combined are arranged along the 
horizontal and vertical axes (Blough, 1969; Goldstein, 1984; Heinneman & 
Chase, 1970; Striefel et al., 1974; Striefel & Wetherby, 1973; Striefel 
et al., 1976; 1978). As shown in Figure 2, training can progress as 
indicated by Tl, T2, etc., such that each new S+ has a component of the 
previous S+. The subject is required to sample all components as they 
are presented, yet responding to single components is not successful 
because responding is controlled by the particular combination, not by 
Components 
0 .<) 'R) ~ ~ 
- T1 T2 
- -
<<< T3 T4 
~ l5 T6 
::>) T7 TB 
Components 
-
Figure 2. Overlapping matrix training 
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one component. This "step" sequence of training (called equential 
training in this study) has promising applications for use with 
overselective individuals, because in theory, it should preclude 
overselection. 
An option to the step training which has potential for resulting in 
faster gains is the presentation of overlapping components during 
training for a particular S+; i.e., training a subject to respond to a 
multiple S+ in the presence of response choices which contain compon-
ents of the S+, but not in the correct S+ combination (called concurrent 
training in this study). This variation of the step training has not 
been contrasted directly with step training, but it may yield equal or 
better discrimination of components because a subject is required to 
compare response options as the discrimination is acquired, and not in a 
step sequence which includes some temporal separation between 
presentations of overlapping components. 
Training which uses overlapping components, whether conducted in a 
sequential step manner or with components that are present concurrently 
with the S+ during training, should be particularly interesting with 
young normal children in the 3- to 5-year-age range. These children 
appear to respond to novel stimuli more readily than ooler children 
(Wetryol & Wanich, 1983; Zeaman, 1976), and this response pattern may be 
particularly suited for a method that introduces novelty as a functional 
component of a multiple stimulus. Since young normal children also 
reliably demonstrate overselectivity, they are a good population for 
examining and manipulating patterns of overselective responding to 
multiple stimuli. 
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CHAPTER IV 
GENERAL METHOD 
Subjects 
Eleven normal preschool children between the ages of 3 and 5 years 
served as subjects . Six subjects were recruited through the commun-
ity daycare homes where several children in the appropriate age range 
were present. Five subjects were selected from the pool of children 
attending the USU Children's House, a preschool program at Utah State 
University . Subjects were required to demonstrate: (a) the ability to 
sit on a chair for 15 minutes while engaged in a learning task with an 
adult ; (b) the lack of hearing and visual deficits as noted by care-
givers; (c) motor imitation skills; and (d) no aggressive, self-
abusive, or overtly noncompliant behaviors. Written parent informed 
consent was obtained for each subject . All potential subjects were 
screened in a preliminary training task (described below) to identify 
subjects who exhibited overselective responding . One subject (Sll) did 
not exhibit overselective responding during preliminary training, and 
was eliminated from the study. The gender, chronological age, mental 
age (obtained using the Slosson Intelligence Test), and participation 
in different experiments are listed for each subject in Table 2. 
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Normal children were selected instead of children with handicaps in 
order to demonstrate the effects of intervention upon overselective 
responding without potential complications from the response limitations 
which are commonly found in populations with developmental delays. These 
limitations include sensory impairments, behavior disorders, and stereo-
typical responses which interfere with attending to visual tasks. 
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Table 2 
Sub,iect Profiles and Experimental Ass i qnments 
Subject Subject's Chronological Mental Studies in Which 
Number Initials Sex Age Age Subject Participated 
SI M.J. F Sy 2m Sy !On I, II, III 
S2 J.R. M 4y 6m 4y 8m I (only completed 
10 S+s) 
S3 M.T. M 4y 6m 4y 8m I 
S4 A.J. F Sy Om 7y Om I, II' III 
SS P.B. M 4y 7m Sy Im I, II 
S6 M.F. F 4y llm Sy 4m I 
S7 S.F. M 4y 9m Sy 2m I 
SB J.J. F 4y !On 6y 4m I, II 
S9 N.R. M 4y 6m Sy 4m Discontinued after 
training 3 items, 
because of high number 
of absences 
SIO R.F. M Sy 2m Sy 9m Discontinued after 
training 2 items, 
because of high number 
of absences 
Sll E.S. F Sy Im not Did not meet 
tested pretraining criteria 
for eligibility 
General Experimental Procedures 
The following procedures were used in pretraining and in all three 
experiments. Specific procedures are noted in the description for each 
experiment. 
Materials 
Subjects were trained to point to a visual stimulus that 
corresponded to nonsense syllables verbalized by the examiner. The 
visual stimulus, hereafter referred to as the stimulus complex, 
consisted of two shapes positioned side by side on a white 2" x 3" 
card. Each shape on the card will hereafter be referred to as a 
component of the complex. Each component was associated throughout 
training with a specific nonsense syllable. Two sample complexes are 
illustrated in Figure 3. 
<<<-<J 
oox HAC LAZ JIN 
Figure 3. Sample complexes used in Experiments 1 through 3 
The stimuli that comprised the complexes were generated using the 
LISA Draw program of the Apple Ile microcomputer. Individual shapes 
-
were arbitrarily associated with nonsense syllables. By combining 
shapes, unique complexes were generated, as indicated in the training 
matrix designated in Figure 4. 
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HAC JIN CIF MUI', SEC DUP RAB FOT BEX CADE HUD JOPE DAG MOPE 
0 . -<O ~ cJ) KJ uO t>c::1 ¢ ciJ ~ ~ <>: 
GOX-
--
-
LAZ «'( 
NAL*' 
PIB )) 
TEK+ 
VIL H 
WAT)... 
YUG~ 
KOV ~ 
DEET,1 
zovr 
QUIBE(V 
TIFE"'"]t::-
FAPELA) 
Figure 4. Matrix illustrating the figure associated with each nonsense 
syllable 
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Response Tray 
The stimulus complexes were presented by the trainer on an 8" x 
11" response tray. The four cards with the response choices were 
assembled in two rows. Individual cards were inserted into pockets on 
the response tray to assure precise positioning of each card. The 
response tray is diagrammed in Figure 5. The positions of the cards on 
the display were randomly altered from trial to trial such that no one 
card appeared in the same position for more than two consecutive 
trials, and the correct stimulus complex (S+) appeared in all four 
positions an equal number of times during each session. 
S+ S-
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S- S-
Figure 5. Sample response tray depicting stimulus cards in pockets on 
the tray and the code number on a stimulus card 
Data Collection System 
The responses of each subject were recorded on data sheets which 
were prepared prior to each session. Each trial was represenfed on the 
data sheet as a replica of the response tray. The stimulus card that 
was to be placed i:1 each pocket of the response tray was designated by 
32 
a number on that position on the data sheet. These numbers 
corresponded to small numbers on the bottom of each card, so that the 
trainer could identify the correct card for each position. The numbers 
were not visible to the subject, since they were covered by the small 
pocket into which each stimulus card was inserted. A sample card and 
number are shown in Figure 5. The right and left sides of a stimulus 
card were also designated by a dash on both sides of each number, so 
that a trainer could mark which side of a stimulus card was touched by 
a subject when a card was selected. Finally, each trainer received a 
tray with cards grouped into types of trials for that session (e.g., 
training, review, overselectivity, probe, etc., described below). The 
type of trial was designated by a code written at the left side of the 
space on the data sheet for each trial. Two sample trials from data 
sheets are illustrated in Figure 6. 
-5-
-7-
Rv 
-1e-- --20-
-15- -6-
T 
-9- -11-
Figure 6. Sample trials from a data sheet depicting a review (Rv) and 
training (T) trial 
(The numbers indicate which card goes in each position on the response 
tray. Lines on either side of the numbers allow the trainer to mark 
which side on the card was touched by a subject.) 
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In summary, the following dependent variables, all of which were 
tracked on the data sheets, were used in Experiment 1 to determine 
effects of experimental manipulations: Number of trials to criterion, 
number of errors during training and probes, number of correct responses 
on different probes, position touched by the subject on stimulus cards, 
and position on the response tray selected most frequently by subjects 
on incorrect responses ("position preference" errors). 
Training 
Training during all preliminary and experimental procedures 
consisted of a time-delay procedure developed by Striefel et al., (1974) 
to transfer stimulus control of responding from visual stimuli (modelled 
behavior) to auditory stimuli (verbal instruction). Time-delay training 
consisted of three types of trials: imitation trials, simultaneous 
trials, and delay trials . Trainers were three under-graduate students 
in psychology and special education. Procedures were trained by the 
author until each trainer achieved 98% procedural accuracy with the 
author. 
During imitation trials, the trainer said, "Do this," and pointed 
to the appropriate S+ card out of the display of four response choices. 
For example, for HAC GOX the first S+ designated in Figure 4, the 
trainer pointed to HAC GOX in the display, and said, "Do this." If the 
subject responded by pointing to the S+ card, training continued with a 
simultaneous trial. If the subject responded incorrectly or did not 
respond, the trainer said, "No, do this," and pointed to the S+ card 
and/or physically assisted the child in pointing to S+. On the next 
trial, a simultaneous trial, the trainer instructed, "Find (nonsense 
34 
syllables)," while pointing to the correct response. Using the example 
HAC GOX, the trainer would have pointed to the card representing HAC 
GOX, and would have stated, "Find HAC GOX." If the subject responded 
incorrectly or did not respond, the trainer said, "No, find (HAC GOX)," 
and pointed to HAC GOX (the S+ card) and/or physically assisted the 
child in pointing to S+. The next trial was then an imitation trial. 
After one correct response from the subject on a simultaneous trial, 
delay trials began. On delay trials, the trainer said, "Find (nonsense 
syllables; e.g., HAC GOX);" however, before pointing to the correct 
response, the trainer waited approximately 1/2 second. If the subject 
responded by pointing to the S+ card, the delay period on the next trial 
was increased to one second. Thereafter, delays were increased by one-
second increments in subsequent trials until the subject responded 
during the delay period for five consecutive correct responses, or until 
a delay period of five seconds was reached. The duration of the delay 
was determined by having the trainer count silently, "One, one thousand; 
two, one thousand; etc." A criterion of one correct response before or 
after the model was used to advance from one delay interval to the next 
longer delay interval on the subsequent trial. If the subject responded 
incorrectly or did not respond, the trainer stated, "No, find (nonsense 
syllable)," and pointed to the S+ and/or physically prompted the child 
to point to S+. The trainer then continued at the previous level of 
time delay on which the subject had responded correctly. For example, 
if a subject responded incorrectly on a training trial for HAC GOX, 
where the time delay was three seconds, the trainer stated the verbal 
cue, "No, find HAC GOX," demonstrated and/or assisted the subject in 
pointing to the HAC GOX card, and conducted a two-second delay period on 
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the next trial. After one correct response, training continued with 
increasing delays until a five-second delay period was reached or until 
the subject reached criteria. 
Training was ended when the subject met the following two 
conditions: (a) the subject responded correctly within the delay period 
(before the trainer demonstrated the correct response) on five 
consecutive delay trials, and (b) the subject responded correctly on 
three out of three random sequence probes (preliminary training) or on 
five out of six random sequence probes (experimental phases) . Random 
sequence probes are described below. 
Probes 
Five types of probes were used in the study: Random Sequence 
Probes, Overselectivity Probes, Recombination Probes, Review Probes, and 
Multiple Baseline Probes. Each type of probe is summarized in Table 3, 
and is described in detail below. The examples in Table 3 indicate each 
complex by using the nonsense syllable label for each component; 
however, it should be recalled that the actual complexes presented to 
subjects were drawings, not written syllable names. 
Random Sequence 
Random sequences were conducted to assure that subjects responded 
to the designated S+, and not just to the most recently-trained 
stimulus. The random sequence consisted of trials on which the subject 
was asked to select the current S+ which was interspersed among three 
previously-trained complexes. These probes were designated RS-(random 
sequence). Reinforcement and correction were provided for correct and 
incorrect responses, respectively. 
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Table 3 
Probe Chart 
Probe/Purpose 
Random Sequence/ 
To assure that subjects could 
discriminate just-learned S+ 
from previously-learned S+ 
Overselectivity/ 
To measure responses to 
individual S+ components 
Recombination/ 
To measure subjects' skill 
in recombining previously 
learned S+ components 
Baseline/ 
To sample discrimination 
of next item to be trained 
Review/ 
To review previously 
learned S+ 
Code 
RS 
01, 02 
03, 04 
RC 
B 
R 
Choices 
Current S+, and three 
previously-trained S+ 
First S+ component/novel comp., 
Novel comp./Other S+ comp. , 
both novel comps., and a 
fourth novel combination. 
First S+ comp./previous S+ comp., 
Previous S+ comp./other S+ comp., 
previous S+ & current S+ 
Next S+ to be trained, and 
three future S+ 
Most recently trained S+, and 
three previously-trained S+ 
(all four items on the right 
could be sampled as review 
probes, since all had been 
previously trained) 
*Examples are based on PIB MUN (Figure 4) as an S+. 
Example* 
s, 
~ 
01 02 
PBOUP WATMlM 
WAT 0UP KOY FOT 
03 04 
AC 
PBM~ 1.AZMlM 
PII_.. I.AZJIH 
AC 
8 · 
TB<SEG WATRAB 
VL OUP VUCl FOT 
~ ~ 
w 
-..J 
Overselectivity Probes 
Overselectivity probes were conducted to determine if a subject 
discriminated one S+ component and not the other. The subjects were 
oresented four response choices. One choice was the first (left side) 
S+ component and a complex which had not been used in training; probes 
o sample responses to this choice were designated as 0-1. A second 
:hoice was composed of the other S+ component and another element from 
in untrained complex; these probes were designated 0-2. A third choice 
:o3) was composed of two components which were combined with S+ 
components, and the fourth choice (04) was another (untrained) item from 
:he matrix. No feedback was provided for correct or incorrect responses 
10 overselectivity probe trials . 
fecombination Probes 
Recombination probes were conducted to determine if a subject could 
recombine components from previously-learned complexes, thus indicating 
cegree of generalization of previously-learned stimuli. The four 
response choices on Recombination probes were: a complex with an S+ 
component, and a component from a previously-trained complex; a complex 
with the other S+ component, and the other component from the 
p·eviously-trained complex; the previously-trained complex; and the 
c1rrent S+. Subjects were asked verbally to find one of the two 
c•mplexes containing components of previously-trained complexes in 
c,mbination with a current S+ component. No feedback was provided on 
Rlcombination probes. 
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Baseline Probes 
Baseline probes were conducted to sample the subjects' responses to 
items which were yet to be trained. These probes contained the next S+ 
and three more S+s, which were to be used for future training. No 
feedback was provided on Baseline probes. 
Review Probes 
Stimuli which had already been trained were presented in review 
probes at the start of every session . Review probes consisted of the 
most recently trained S+, and three other S+ choices drawn from the pool 
of previously-trained items. Reinforcement and correction were 
delivered for correct and incorrect responses, respectively . 
Preliminary Training for Subject Selection 
A preliminary training procedure was used to identify subjects who 
demonstrated overselective response patterns. Components, which were 
not used in further experimental conditions, were combined into pairs to 
form S+ complexes. These complexes are diagramed in Table 4. Each 
Table 4 
Pretraininq Complexes 
WAFLIG 
X FUPHUS 
MILREZ 
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preliminary training session consisted of up to 25 training trials, 8 
overselectivity probes, 2 baseline probes, and 3 reviews. Subjects were 
trained to point to an S+ complex on a two-choice task, where the second 
choice was a complex to be trained later in pretraining. (A fourth 
complex,not used as an S+, was used as the S- during the training of MIL 
REZ.). The trainer instructed, "Point to WAF LIG (FUP HUS or MIL REZ)," 
until the subjects responded correctly on five consecutive time-delay 
training trials. 
On overselectivity probes, the subjects were told to find one of 
the two complexes which contained an S+ component (e.g., when WAF LIG 
was trained, probes included WAF HUS and FUP LIG). The percent of 
correct responses by each subject on overselectivity probes are listed 
in Table 5. A subject was deemed overselective if he or she responded 
Table 5 
Percent of Correct Responding on 01 and 02 Probes 
Subject 
Sl 
S2 
S3 
S4 
S5 
S6 
S7 
SB 
S9 
S10 
S11 
WAF 
01 
75 
0 
100 
25 
0 
25 
100 
0 
75 
25 
50 
LIG 
02 
0 
100 
0 
75 
100 
75 
0 
75 
0 
100 
0 
FUP HUS 
01 02 
0 75 
75 25 
100 0 
0 100 
0 100 
75 25 
100 25 
75 25 
75 0 
75 25 
25 50 
MIL REZ 
01 02 
75 25 
2 75 
75 0 
75 0 
0 100 
100 0 
0 75 
100 25 
100 25 
0 75 
72 25 
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correctly on 75% or more trials probing one S+ component (e.g., Sl 
responded correctly to 75% of trials for WAF), but responded correctly 
on only 25% or fewer trials for the other component (e.g., Sl responded 
correctly on 0% of the trials sampling LIG). One subject (#11 on Table 
2) did not demonstrate the designated response patterns and was not 
included in the study . 
Subjects were assigned to one of two experimental conditions by 
putting the names of eligible subjects into a bin and drawing names one 
at a t ime. Names of subjects were alternately listed under one experi-
mental training condition or another. The two experimental conditions , 
Sequential and Concurrent Component Training, are described below. 
Baseline 
Subjects identified through preliminary training continued into a 
baseline phase in which responses to each complex in the training matrix 
were sampled, in order to determine if the subjects already associated 
the nonsense syllables with specific shapes. It was not anticipated 
that subjects would correctly respond to the stimuli, since they were 
novel figures without established labels in the children's vocabulary; 
however, the baseline patterns of responding could also indicate if 
certain figures were preferred by some subjects prior to training. The 
subsequent analysis during the discrimination tasks could be contrasted 
with baseline preferences that might be documented. 
Each baseline trial consisted of four complexes presented as 
response choices, and the subjects were instructed by the traiDer, "Find 
(nonsense syllables)." Two sessions of 64 trials each were conducted, 
resulting in two presentations of each cell of the matrix. Overall, 
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subjects responded at chance level. The specific baseline levels of 
responding for items to be trained are represented in the graphs in 
Appendix A. An example of the stimulus display for a baseline trial is 
shown in Figure 7. Each complex in this display was systematically 
sampled four times. 
PIB CIF GOX SEG 
LAZ RAB YUG DUP 
Figure 7. Sample display for a pretraining baseline trial 
Sequential Component Training 
In this condition subjects were trained to respond to complexes 
which contained components that overlapped with components of 
previously-trained complexes. The sequence of stimuli trained is 
designed by 1S, 2S, 3S, etc. (see Figure 8). Response choices during 
training consisted of novel combinations which had not been previously 
used for training, nor did they contain single components of the S+. 
Sample stimulus choices for S+ 1, 2, and 3 for sequential training are 
illustrated in Figure 9. 
Concurrent Component Training 
In this condition, subjects were trained to respond to complexes 
which did not contain overlapping components. The training sequence of 
-
complexes is designated in Figure 10 by IC, 2C, 3C, etc. Response 
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choices during training did contain S+ components. The choices included 
the S+, one S+ component paired with an untrained component, the other S+ 
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HAG JIN CIF MUt-. SEC DUP RAB FOT BEX CADE HUD JOPE DAG MOPI 
GOX 1S· ~ 2S 
i 
3S i- 4S 
LAZ t 
5S 
~6S NAL 
¼ 
PIB 7S t-8S ~ 
TEK 9S- .. 10S 
i 
VIL 11S r+12S 
WAT 
YUG 
KOV 
DEET 
ZOY 
QUIBE 
TIFE 
FAPE 
Figure 8. Training matrix and sequence for sequential training 
S+1 
GOX HAC LAZ DUP 
VIL JIN WAT SEG 
S+2 
GOXJIN 
TEK FOT 
S+3 
NAL RAB 
YUGCIF 
LAZ JIN VIL BEX 
KOV MUN PIB CADE 
Figure 9. Stimulus choices for the first three S+s in sequential 
training 
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HAC JIN CIF MUI\ SEC DUP RAB FOT BEX CADE HUD JOPE DAG MOPI 
GOX 
1C 
" L.AZ 2C 
"' NAL 
~r. 
PIB ~ 
4r,_ 
~ 
TEK i:;r. 
VIL ~ 
6C 
I" 
WAT 7C 
' Ill! 
YUG BC, 
11' 
KOV 9C, 
I" 
DEET 10C, 
I" 
ZOY 11C 
' 
' QUIBE 12C 
TIFE 
FAPE 
Figure 10. Training matrix and sequence for concurrent training 
component paired with another untrained component, and both untrained 
components paired to form one complex. Sample stimulus choices for S+ 
1, 2, and 3 for Concurrent training are illustrated in Figure 11. 
S+1 
GOXHAC 
PIBHAC 
S+2 
LAZJIN 
VILJIN 
S+3 
NALCIF 
YUGCIF 
GOXCIF 
PIBCIF 
LAZSEG 
VILSEG 
NAL DUP 
YUGDUP 
Figure 11. Stimulus choices for first three S+s in concurrent training 
lntertrainer Agreement 
Two methods of intertrainer agreement were recorded on a ~andomly-
selected 19% of all sessions. The selection of sessions on which 
agreement was to be computed was determined at the beginning of each 
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week. It was anticipated that agreement would be computed for 25% of 
all sessions; however, illnesses of the trainers reduced the number of 
persons available to record agreement data, and thus, reduced the total 
number of sessions for which agreement was computed. 
Intertrainer agreement was obtained for procedural integrity and 
accuracy of data. Procedural reliability was obtained by recording if 
a trainer conducted each of the following steps on every trial of the 
session: (a) obtained the subject's attention (if necessary); (b) 
displayed response choices as indicated on the data sheet; (c) 
delivered the appropriate verbal instruction for that trial; (d) 
reinforced , corrected , or provided no feedback, as indicated for that 
trial; (e) recorded the response out of the subject's range of vision; 
and (f) presented the next trial in the time-delay training sequence 
(i . e . , the correct delay, a simultaneous, or an imitation trial). An 
average of three procedural errors occurred per session . Procedural 
intertrainer agreement across all three experiments was found to be at 
an average of 94.6%, with a range of 79% to 100%. 
Agreement on accuracy of data was obtained by comparing the 
subject responses recorded by the primary trainer and the subject 
responses recorded by the agreement observer. Accuracy included 
marking on the data sheet the card to which the subject pointed, and 
marking the position which the subject touched on the card. Inter-
trainer agreement on accuracy of data acros all three experiments was 
determined to be at an average of 96.5%, with a range of 96% to 100%. 
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CHAPTER V 
EXPERIMENT 1 
The purpose of this experiment was to determine the effects of 
oncurrent versus Sequential multiple-stimulus discrimination training 
Jpon stimulus control of responding by individual components of the 
nultiple stimuli. 
Method 
Subjects 
Subjects 1, 2, 3, 4, 5, 6, 7, and 8 participated in this 
fXperiment. Subjects were randomly assigned to either the Sequential 
er Concurrent conditions using the procedure described in the Baseline 
~ection . 
lraining and Probe Procedures 
Each subject was trained to respond to 12 multiple stimuli. 
SJbjects 1, 2, 4, and 7 were trained using the Concurrent training 
procedure. Subjects 3, 5, 6, and 8 were trained using the Sequential 
t raining procedure. The S+ for each training procedure are listed in 
Tible 6 and Figures 8 and 10. Each subject was trained to point to the 
s~ verbalized by the trainer from a choice of four responses. At the 
beginning of each session, subjects reviewed previously-learned items 
0 1 six probes, then proceeded either to time-delay training as 
dtscribed previously, or, if a subject had ended the previous session 
w-th a perfect random sequence of the S+ being trained, a second random 
s£quence was conducted, and followed by probes if the subject met 
criterion on that second random sequence. On the next session, a new 
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Table 6 
Training Stimuli for Concurrent and Sequential Procedures 
Concurrent Sequential 
GOX HAC* GOX HAC* 
LAZ JIN GOX JIN 
NAL CIF LAZ JIN 
PIB MUN LAZ CIF 
TEK SEG NAL CIF 
VIL DUP NAL MUN 
WAT RAB PIB MUN 
YUG FOT PIB SEG 
KOV BEX TEK SEG 
DEET CADE TEK DUP 
ZOY HUD VIL DUP 
QUIBE JOPE VIL RAB 
*One-half of the subjects had reversed stimuli; i.e., HAC GOX, JIN LAZ, 
etc. 
S+ was trained. If the subject had not ended the previous session with 
a perfect random sequence, the training was conducted after the review 
trials by continuing at the delay interval which followed the last 
trial of the previous session. 
After training all of the S+s, the responses of subjects to 
individual components which made up the first six S+s were probed. 
Each component was sampled four times. The components were presented 
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on the same tray which had been used for training; however, the 
original training cards were cut to separate the components. A sample 
display is shown in Figure 12. It should be recalled that although 
syllable names are shown in Figure 12, the subject actually saw the 
drawing associated with that syllable. An example of an instruction to 
HAC LAZ 
JIN GOX 
Figure 12. Display for component probes to sample responses to the 
components of the previously-learned S+s, HAC GOX and JIN LAZ 
the subject is, "Point to HAC." Subjects 2 and 3 did not continue into 
this probe phase, because their parents removed them from the preschool 
program which they were attending, and through which they served as 
subjects. After leaving the preschool program, they were no longer 
available for participation in the study. 
Results 
Discrimination Training: 
Trials to Criterion 
The average number of trials which each subject required to 
achieve criterion responding is summarized in Table 7. A detailed 
listing of trials to criterion by each subject, to each S+, is - included 
in Appendix B, and graphs depicting responses on baseline, 
discrimination training, and reviews for each item are included in 
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Table 7 
Trials to Criterion on Concurrent and Seguent i al Conditions 
Trials to Criterion 
Subjects Condit ion X Number Range Median s.o. 
Sl Concurrent 17.7 8-38 14 8.2 
S2 Concurrent 15.4 8-36 14.5 7.5 
S4 Concurrent 15.8 8-30 13 6.7 
S7 Concurrent 14.6 11-29 13 4.7 
Total X = 15.9 
S3 Sequential 19.2 7-32 21 6.9 
S5 Sequential 21 7. -45 15.5 11.3 
S6 Sequential 19 9-45 14 10.5 
SB Sequential 14.3 7-24 13 4.2 
Total X = 18.4 
Appendix A. Subjects in the Sequential condition acquired the discrim-
inations in an average of 18.4 trials, and subjects in the Concurrent 
condition acquired the discriminations in an average of 15.9 trials. 
Overall, subjects trained using the Concurrent condition averaged 2.5 
fewer trials per S+ than subjects who underwent Sequential training. A 
comparison of medians shows similar differences in median trials to 
criterion; however, a broad range of variability in trials to criterion 
was noted for each subject. It was noted that Subjects 1, 2, and 4 
(all trained using Concurrent training) required the largest number of 
trials on the 8th, 7th, and 6th S+, respectively; Subject l's largest 
number of trials to criterion was observed for the second S+ trained. 
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Subjects 3, 5, and 6 (trained using the Sequential training) required 
the largest number of trials to criterion on the 2nd, 2nd, and 3rd S+, 
respectively; Subject B's largest number of trials to criterion 
occurred on the sixth S+. 
Errors During Training 
In an analysis of errors, more errors were exhibited by subjects 
during Sequential training than during Concurrent training. In the 
Sequential training condition, subjects made an average of 1.37 errors 
per training item, compared to 0.94 errors per item for subjects 
trained using the Concurrent procedure (Table 8). However, the pattern 
of errors differed for subjects with either training history. 
Table 8 
Mean Number of Errors During Training 
Number of Errors 
X During X During 
Subjects Condition Training Random Seq. X Total Errors 
Sl Concurrent 9.25 1.08 1.33 
S2 Concurrent 0.20 0.30 0.50 
S4 Concurrent 0.33 0.67 1.00 
S7 Concurrent 0 .17 0.75 0.92 
Total X = Concurrent 0.24 0.70 0.94 
S3 Sequential 0 .17 0.92 1.08 
S5 Sequential 0.08 2.50 2.58 
S6 Sequential 0.25 1. 25 1.50 
SB Sequential 0 0.33 0.33 
Total X = Sequential 0.12 1.25 1.37 
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Subjects in the Sequential condition exhibited errors more 
frequently in the random sequences (X = 1.25) when the choices included 
elements of the S+, than during training (X = 0.2) when choices did not 
contain S+ components. Although subjects trained using the Concurrent 
condition also exhibited more errors during the random sequence (X = 
0.70) than during training (X = 0.24), the difference was not as great 
for these subjects as for subjects under the Sequential condition. 
Overall, subjects trained using the Concurrent condition exhibited more 
errors during the training phase than subjects in the Sequential 
condi tion, but they exhibited fewer errors during random sequences. An 
analysis of errors during training of subjects in Concurrent training 
was attempted to determine if errors resulted from subjects responding 
to S+ components in training choices . However, since only 11 errors 
were exhibited by all four Concurrent subjects during training, no 
conclusive statement could be reached with so few data points. Caution 
should be exercised throughout the error analysis of Experiment 1 
because all conclusions are based on a small number of errors which 
occurred across all subjects. 
Overselectivity 
A list of the percent of correct responses on within-session 
overselectivity probes for each subject is presented in Appendix C. Of 
the subjects with a Concurrent training history, Subject 1 demonstrated 
overselective responding (at least 75% correct responding to one 
component, and 25% or less correct responding to the other component) 
on four S+s throughout training (LAZ JIN, VIL DUP, DEET CADE, and QUIBE 
JOPE). Subject 2 exhibited overselective responding during within-
session probes on 3 S+s; S4 exhibited overselectivity on one S+; and S7 
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e)hibited overselectivity on 4 S+s. Of the subjects who had a 
SEquential training history, S3 exhibited overselectivity on 5 S+s; SS 
e~hibited overselectivity on 6 S+s; S6 demonstrated overselectivity on 
3 S+s; and SB did not exhibit overselectivity. 
The responses of each subject were also analyzed to determine how 
fraquently a subject selected the second S+ (e.g., GOX HAC) component 
(Ol, e.g., HAC) when the trainer asked for the first S+ component (01, 
e.1., GOX), and vice versa, since this is one evidence of over -
selection. The response pattern of each subject is listed in Table 9. 
Th~ data in Table 9 indicates the percent of responses toward one 
conponent (e.g., 01, Gox for Sl) when the other component (e.g., 02, 
HAC) was sampled. For example, when asked to find GOX, Sl responded to 
HAC on 25% of the trials. When asked to find HAC, Sl did not select 
GOX '0%). This pattern of responding was exhibited by Subject 1 on 
only one S+ (QUIBE JOPE). Subject 2 responded to the opposite 
component within a complex probe on the first two S+s (GOX HAC and LAZ 
JIN). Subject 4 demonstrated this response pattern on the first S+ 
(GOX HAC), and Subject 7 on one S+ (CADE DEET). 
Subject 3 exhibited this response pattern on 4 S+s (HAC GOX, JIN 
GOX, CIF LAZ, SEG PIB); Subject 5 on the first 3 S+s (HAC GOX, JIN GOX, 
JIN LAZ); Subject 6 did not demonstrate responding toward the opposite 
comp01ent on these probes; and Subject 8 demonstrated this response 
pattern on the first 3 S+s. Overall, subjects with a Sequential 
train ing history demonstrated slightly more responding to one component 
with :he other component label on the within-session overselec!ivity 
probe;. 
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Table 9 
Percent of Correct Responses on Overselectivity Probes (01, 02) During 
Training Sessions 
Subject Stimulus Asked for: 01* 02 
Sl GOX HAC 25 0 
LAZ JIN 0 0 
NAL CIF 50 50 
PIB MUN 25 25 
TEK SEG 25 25 
VIL DUP 0 0 
WAT RAB 0 0 
YUG FOT 0 25 
KOV BEX 50 25 
DEET CADE 0 0 
Z0Y HUD 50 0 
QUIBE JOPE 75 0 
S2 GOX HAC 75 0 
LAZ JIN 100 0 
NAL CIF 50 25 
PIB MUN 50 25 
TEK SEG 0 0 
VIL DUP 25 0 
WAT RAB 0 0 
YUG FOT 33 25 
KOV BEX 25 25 
DEET CADE 25 25 
*Numbers indicate% that subject responded to the other component; 
i.e., trainer asked for 01, and the number shows the% of subject 
responses that contained 02 instead of 01. 
(Table 9 continues) 
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Table 9 (continued) 
Subject Stimulus Asked for: 01* 02 
S4 GOX HAC 75 0 
LAZ JIN 0 0 
NAL CIF 0 25 
PIB MUN 50 0 
TEK SEG 0 25 
VIL DUP 25 0 
WAT RAB 25 0 
YUG F0T 50 25 
KOV BEX 0 25 
DEET CADE 0 25 
ZOY HUD 0 25 
QUIBE J0PE 50 75 
S7 HAC GOX 0 25 
JIN LAZ 25 0 
CIF NAL 25 25 
MUN PIB 0 25 
SEG TEK 50 100 
DUP VIL 50 0 
RAB WAT 25 25 
FOT YUG 25 0 
BEX KOV 75 50 
CADE DEET 0 75 
HUD ZOY 100 50 
JOPE QUIBE 25 25 
{Table 9 continues) 
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Table 9 (continued) 
Subject Stimulus Asked for: 01* 02 
S3 HAC GOX 25 100 
JIN GOX 0 75 
JIN LAZ 25 25 
CIF LAZ 75 0 
CIF NAL 25 0 
MUN AL 25 0 
MUN PIB 25 25 
SEG PIB 75 0 
SEG TEK 25 0 
DUP TEK 0 0 
DUP VIL 0 0 
RAB VIL 25 25 
S5 HAC GOX 0 100 
JIN GOX 0 100 
JIN LAZ 0 100 
CIF LAZ 0 50 
CIF NAL 25 50 
MUN AL 0 50 
MUN PIB 0 25 
SEG PIB 25 0 
SEG TEK 25 0 
DUP TEK 25 0 
DUP VIL 25 0 
RAB VIL 50 25 
(Table 9 continues) 
Table 9 (continued) 
Subject 
S6 
SB 
Stimulus 
GOX HAC 
GOX JIN 
LAZ JIN 
LAZ CIF 
NAL CIF 
NAL MUN 
PIB MUN 
PIB SEG 
TEK SEG 
TEK DUP 
VIL DUP 
VIL RAB 
HAC GOX 
JIN GOX 
JIN LAZ 
CIF LAZ 
CIF NAL 
MUN AL 
MUN PIB 
SEG PIB 
SEG TEK 
DUP TEK 
DUP VIL 
RAB VIL 
Asked for: 01 * 
0 
0 
0 
0 
0 
25 
25 
0 
0 
0 
0 
50 
0 
50 
50 
75 
25 
25 
50 
25 
25 
0 
25 
25 
02 
25 
25 
50 
50 
25 
50 
25 
25 
25 
0 
25 
25 
0 
25 
25 
25 
25 
25 
50 
0 
25 
25 
0 
25 
The responses to components presented individually (after training 
all S+s) revealed that subjects with a Sequential training history 
exhibited more correct responses to component probes (x=71.6) than sub-
jects trained using the Concurrent condition (x=48). However, the 
ran~ of responses to components in the Sequential condition was broad, 
sine~ Subject 5 only achieved 27% correct responding to component 
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probes. Performance of this subject may have been affected by com-
peting reinforcers, since during component probes, this subject repor-
ted that he preferred other activities which he was missing because of 
his participation in the study (such as playing outside), but the 
subject did not indicate a desire to terminate his participation. It 
is unknown whether other subjects were similarly affected; however, 
other subjects did not verbalize a desire to engage in competing 
activities. 
Recombination 
Subject responses on recombination probes presented during 
training sessions were analyzed to determine if the subjects acquired 
the ability to recombine components of previously-learned S+s into 
novel combinations. Since each S+ component was present twice during 
each recombination trial (Table 3), the ability to recombine was con-
cluded only if a subject's correct level of responding exceeded 50%, or 
what would be expected by chance if a subject were tracking only one 
component. A detailed list of percent of correct responses on RC 
probes by each subject is included in Appendix C. As shown in Table 
10, only SI demonstrated a clear increase in the percent of correct 
responses to RC probes when the percent of correct responses on probes 
from the first three S+s were contrasted with the percent of correct 
responses on probes for the last three S+s. Subject 8 also had a high 
percent of correct responding to RC probes during the last three S+s, 
but this percent was not different from the performance on the RC 
probes from that subject's first three S+s. Overall, RC probes 
conducted within training sessions did not show an increase in the 
level of generalization. 
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Table 10 
Percent of Correct Resi;1onses on Recombination Probes During Training 
Sessions 
Subjects Condition X of First 3 S+* X of Last 3 S+ 
Sl Concurrent 33% 67% 
S2 Concurrent 25% 42% 
S4 Concurrent 33% 33% 
S7 Concurrent 25% 33% 
Total X = Concurrent 29% 43.~ 
S3 Sequential 33% 42% 
S5 Sequential 33% 17% 
S6 Sequential 50% 50% 
SB Sequential 67% 67% 
Total X = Sequential 45.~ 44% 
*First 3 S+ on which RC probes were sampled 
The results of the recombination probe series conducted after 
acquisition of the 12 discriminations revealed more distinct 
differences across subjects with either training history. As shown in 
Table 11, subjects trained using Sequential training averaged 63.3% 
cor rect responses to the recombination probes. Subjects trained using 
Con:urrent training averaged 26.3% correct responding to the 
rec>mbination probes. 
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Table 11 
Percent of Correct Responding on the Recombiation and Component Probe 
Series in Experiment 1 
Subjects* 
Sl 
S4 
S7 
ss 
S6 
s8 
Condition 
Concurrent 
Concurrent 
Concurrent 
Sequential 
Sequential 
Sequential 
Percent of Correct Responses 
Recombination 
Probes 
23 
27 
29 
42 
77 
71 
Component 
Probes 
48 
50 
46** 
35 
88** 
92 
*Subjects 2 and 3 were no longer available for this part of the study 
**Number represents only first half of the components. These subjects 
were not available for continued probe sessions. 
Sign Tracking 
Whenever a subject selected a stimulus, the trainer recorded where 
the subject touched the card chosen. In this manner, it was possible 
to analyze the results for patterns of responding or tracking of parti-
cular stimuli that might be controlling a subject's responses {Hearst & 
Jenkins, 1974). The responses were coded as L, designating a response 
which touched the component on the left side of a card in relation to 
the subject's position; C, designating a pointing response at the 
center of the card, not touching any part of either component; and R, 
designating a response which touched the component on the right of the 
card, relative to the subject. As shown in Table 12, subjects 
exhibited patterns of responding which were idiosyncratic and 
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Table 12 
Percent of Correct 2 Incorrect 2 and Total Subject Resgonses to Left (LL 
Right (R}2 or Center (Cl of Stimulus Cards Across Training and Probes 
Subject Condition % Correct* % Incorrect* % Total 
L C R L C R L C 
SI Concurrent 29 6 66 48 4 48 34 5 
S2 Concurrent 16 55 29 20 55 25 17 55 
S4 Concurrent 32 34 34 30 30 41 31 33 
S7 Concurrent 17 54 29 28 44 29 20 51 
Total x Concurrent 24 37 39 31 33 36 26 36 
S3 Sequential 4 44 52 12 42 45 6 44 
S5 Sequenti al 18 34 45 19 32 49 19 35 
S6 Sequential 11 44 45 12 46 42 11 44 
S8 Sequential 16 62 22 22 54 24 17 60 
Total X Sequential 12 46 41 16 44 40 13 46 
*Correct and Incorrect responses were computed separately in order to 
observe differential tracking patterns for either type of response. 
R 
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28 
36 
29 
38 
50 
47 
45 
23 
41 
consistent across correct and incorrect responses. Only Subject 1 
shifted from exhibiting a pattern of pointing to the right (R) of cards 
on correct responses, to dividing responses between the left (L) and 
right (R) during incorrect responses. These general patterns were 
consistent in responses during training and during the random sequences 
{Table 13). Although patterns for each subject were constant during 
training and probes, it was noted that subjects trained using Concurrent 
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Table 13 
Percent of Correct and Incorrect ResQonses to Left {L}1 Right {R}1 
Center {C} of Stimulus Cards During Training and Random Seguences 
Subj./ Training 
Condition 
Correct Incorrect 
L C R L C R 
Sl/Con. 28 4 68 100 0 0 
S2/Con 22 45 33 100** 0 0 
S4/Con. 26 37 37 100* 0 0 
S7/Con. 14 53 33 50* 50 0 
S3/Seq. 4 52 44 0 75*** 25* 
S5/Seq. 16 41 44 0 0 100* 
S6/Seq. 16 54 30 0 75 25 
SB/Seq. 20 62 18 0 0 0 
*This number represents only one response 
**This number represents only two responses 
***This number represents only three responses 
Random Sequence 
Correct Incorrect 
L C R L C 
30 4 66 38 8 
12 60 28 40 40 
38 26 35 0 76 
18 58 24 24 57 
5 49 46 2 62 
20 34 46 30 9 
11 43 46 20 29 
17 60 23 50 50 
and 
R 
54 
20 
24 
19 
35 
61 
51 
0 
training varied with respect to which position on the card was most 
frequently touched. For example, Subject 1 pointed mostly to the right 
(on correct trials), Subjects 2 and 7 pointed mostly to the center, and 
Subject 4 divided responses equally among the three positions. However, 
subjects trained using Sequential training consistently responded more 
frequently to the center (C) and right (R) sides of the cards than to 
the left (L) sides. 
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The numbers of errors exhibited during training and random sequen-
ces were few; however, many more errors occurred for all subjects during 
probes conducted within the training sessions. Error patterns are 
summarized in Table 14 as the percent of incorrect responses to each 
position, for each type of probe. Generally, patterns of responding to 
d ifferent positions on the cards remained idiosyncratic and consistent 
for each subject. Some shifts in patterns were noted for certain 
s ubjects; Subject 7' s responses on 01 and 02 probes showed a shift to 
t he right side of the cards; Subject 3 showed a shift to the right on 
all probes; Subject 5 showed a shift to the center; and Subject 6 showed 
a shift to the right . 
A pattern of pointing to a specific area on a card may result from 
a general tendency to point to a favored position on the response tray 
(i.e., a subject who points to the lower right card as a "guess" on 
incorrect responses , thus showing a position preference for that area, 
might also tend to respond to lower right portions of specific choice 
cards). The percent of incorrect responses of each subject were coded 
by the position of the card which the subject chose. This information 
is summarized in Table 15. As indicated on the diagram, positions 1 and 
2 are closest to the subject, and represent the subject's right and left 
sides, respectively. Position 3 is above position 1, and position 4 is 
above position 2. Subjects 1, 2, 4, 5, 6, and 7 all exhibited slightly 
more responding in position 1 (subject's lower right) on errors. 
Subject 3 demonstrated slightly more responding to cards in position 2, 
the subject's lower left side. Subject 8 exhibited an overall tendency 
to respond to cards in positions 3 and 4, with a greater frequency of 
responses at position 3. These patterns of responding were not found to 
64 
Table 14 
Percent of Correct and Incorrect Responses to Left (L), Right (R), and 
Center (C) of Stimulus Cards on Probes During Training Sessions 
Probes 
Subject/ 
Condition 01 02 03 + 04 RC 
L C R L C R L C R L C 
Sl/Con.(+)* 29 6 66 48 4 48 34 5 60 4 2 
(-)* 35 0 40 33 0 29 33 2 21 32 2 
Total SI 39 0 61 43 4 52 45 4 50 36 4 
S2/Con. 3 18 8 5 35 8 10 15 12 8 22 
13 36 23 12 28 12 5 45 12 6 39 
Total S2 26 54 31 17 63 20 15 60 24 14 61 
S4/Con. 4 8 6 10 12 8 8 8 4 4 9 
29 15 38 27 17 25 21 23 35 25 18 
Total S4 33 23 44 37 29 33 29 31 39 29 27 
S7/Con. 2 27 17 6 6 10 8 23 12 10 18 
10 15 29 29 31 17 17 23 17 15 35 
Total S7 12 42 46 35 37 27 25 46 29 25 53 
S3/Seq. 4 6 21 4 25 42 4 6 15 2 10 
17 23 29 2 17 10 8 27 42 5 15 
Total S3 21 29 50 6 42 52 12 33 57 7 25 
S5/Seq. 8 25 25 12 8 17 2 12 4 10 10 
10 17 15 4 25 33 21 29 31 12 30 
Total S5 18 42 40 16 33 50 23 41 35 22 40 
S6/Seq. 6 10 29 2 12 29 0 4 21 5 20 
8 25 21 10 27 19 6 23 46 10 15 
Total S6 14 35 50 12 39 48 6 27 67 15 35 
SB/Con. 4 15 10 0 19 10 6 6 6 0 40 
17 40 15 12 40 19 17 40 25 8 22 
Total S8 21 55 25 12 59 29 23 46 31 8 62 
*The top line of numbers denotes the percent (from all responses on the 
designated type of probe) which were correct responses (+); the second 
line represents incorrect responses (-). 
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R 
30 
30 
60 
6 
19 
25 
14 
30 
44 
2 
20 
22 
30 
43 
73 
12 
25 
37 
31 
18 
49 
22 
8 
30 
Table 15 
PercenLof Incorrect ResQonses to Different Positions on the ResQonse Tra:r:* 
Subject Tralnln2tRandomSe9 Reviews Probes ••• Total 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
$1 39 21 18 21 33 24 29 14 30 30 20 20 32 27 21 21 
$2 11·· 50 .. 11·· 17 .. 0 0 1 oo·· o 31 24 29 16 30 25 29 16 
$3 23 40 17 20 17 33 25 25 24 35 21 20 23 36 20 20 
S4 9 55 0 36 22 -11 56 11 · 34 26 16 24 32 27 17 24 
S5 33 19 33 16 23 3 26 49 34 15 27 24 32 14 28 26 
S6 33 27 9 33 29 57 0 14 34 24 23 20 33 26 19 22 
S7 38 23 23 15 17 17 33 33 39 30 16 15 38 29 17 16 
SB 11 0 44 44 0 50 .. 0 50 .. 13 9 47 31 13 9 47 32 
-
·The positions designated by the numbers 1 through 4 represent the following pos itions on the response tray: 
Rounding errors In computation may result In totals of 99% or 101%. subject 
.. These numbers are based on fewer than 3 responses . IQJLl 
... Probes represent 01, 02, 03, 04, B and G .. 
@=]~ 
trainer 
Response Tray 
Ol 
Ol 
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be similar to the patterns of pointing on individual cards; e.g., subjects 
who exhibited greater position 1 responding did not necessarily 
demonstrate greater responding to the right sides of choice cards . 
Since subjects responded differentially to the probes conducted after 
training (not during sessions), an analysis was conducted on the responses 
of subjects to component probes in order to determine if overselective or 
other patterns of responding were evident. The patterns of responding 
that were observed are described in Table 16. Table 17 is a summary of 
the response patterns of the four subjects (1, 4, 5, and 8) who 
participated in all component probe sessions . (Subjects 2, 3, 6, and 7 
did not return for the remaining component probe sessions; therefore , 
their responses to all components could not be documented.) 
As indicated in Table 17, the two subjects with Concurrent training 
histories exhibited more examples of overselection B (responding to both 
components as though they were labelled with the same syllable). The 
syllables in parentheses denote the component to which the subject 
responded. Subject 4 also exhibited reversals; i.e., labelling 01 as 02, 
and vice versa, on one half of the components. Subjects with a Sequential 
training history did not show similar patterns. Subject S's responses 
were primarily in the category of "other," because the responses given did 
not meet the criteria of 75% on both 01 and 02 probes. Subject 5, 
however, exhibited correct responding which was just below this criterion. 
On two S+ complexes, Subject 5 exhibited a pattern of overselection B. 
Subject 8 met the criterion for correct responding to component probes. 
It should be noted that subjects with a Sequential training history had 
fewer components to learn because the components were repeated in the 
other S+ which were trained, thus creating the Sequential steps in 
Table 16 
Possible Patterns of Responding on Component Probes, Criteria for Each 
Pattern. and an Example 
Pattern 
Correct 
Reversal 
Overselection A 
(OS-A) 
Overselection B 
(OS-8) 
Other 
Criteria 
~75% to both 01 and 02 
Selection of 01 when 02 
was sampled, and vice 
versa, on ~75% trials 
~75% correct responding 
to one component, and 5 
25% correct responding 
on the other component. 
~75% correct responding 
to one component, and 
choosing that same com-
ponent on ~75% trials 
sampling the other com-
ponent. 
575% Correct responses 
on 01 and 02 probes, 
and patterns not 
represented by the 
other categories. 
Example 
S8 correctly identified 
HAC and GOX on at least 
75% of trials sampling 
HAC and GOX, respectively 
S4 responded to the 
instruction, "Find CIF," 
by selecting NAL; and 
responded to "Find NAL," 
by pointing to CIF, on 
at least 75% of the 
trials. 
Sl responded correctly 
to FOT on at least 75% 
of the trials sampling 
FOT, but correctly 
identified YUG on 25% 
or fewer trials. 
Sl correctly chose HAC on 
at least 75% of trials for 
HAC, but also chose HAC on 
at least 75% of trials 
sampling GOX. 
Sl correctly identified 
TEK and SEG on fewer than 
75% of trials sampling 
each, but no reversal, 
OS-A or OS-8 was noted. 
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Table 17 
Comi;ionents and Resi;ionse Patterns to Which Subjects Resi;ionded for Each S+2 
and Percent of Resi;ionding for All S+ Combined 
Subject/ 
Condit ion S+ Correct Reversal OS-A OS-8 Other 
SI/Cone GOX HAC X(HAC) 
LAZ JIN X(JIN) 
NAL CIF X(NAL) 
PIB M UN X(MUM) 
TEK SEG X 
VIL DUP X 
WAT RAB X(RAB) 
YUG FOT X(FOT) 
KOV BEX X(BEX) 
DEET CADE X(DEET) 
ZOY HUD X(HUD) 
QUIBE JOPE X 
TOTAL 67% 25% 
S4/Conc. GOX HAC X(HAC) 
LAZ JIN X(JIN) 
NAL CIF X 
PIB MUN X 
TEK SEG X(TEK) 
VIL DUP X 
WAT RAB X 
YUG FOT X 
KOV BEX X 
DEET CADE X 
ZOY HUD X(HUD) 
QUIBE JOPE X 
TOTAL 50% 25% 17% 
(Table continues) 
70 
Table 17 {continued) 
Subject/ 
Condit ion S+ Correct Reversal OS-A OS-B Other 
SS/Seq. HAC GOX X{HAC) 
JIN LAZ X 
CIF NAL X{CIF) 
MUN PIB X 
SEG TEK X 
DUP VIL X 
RAB WAT X 
TOTAL 0% 29%. 71% 
S8/Seg. HAC GOX X 
JIN LAZ X 
CIF NAL X 
MUN PIB X 
SEG TEK X 
DUP VIL X 
RAB WAT X 
TOTAL 100% 
training. It may be more precise to contrast the response patterns of the 
subjects in the first 7 complexes listed, since these represent the same 
components. In so doing, the differences between subjects with Concurrent 
and Sequential training remain the same; i.e., more examples of 
overselectivity and reversals were observed in the two subjects who had a 
Concurrent training history. 
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Discussion 
The results of Experiment One indicate that, in general, subjects 
with a Sequential training history: (a) learn to discriminate the 
majority of components of the complexes; (b) learn to recombine most 
components to identify combinations of previously-learned components; and 
(c) exhibit less overselection or reversal of components than subjects 
with Concurrent training histories. These findings are similar to the 
findings of Striefel et al., (1974), Striefel et al., (1976; 1978) and 
Striefel and Wetherby (1973), using severely retarded subjects. It was 
speculated that subjects with Concurrent training would also learn to 
discriminate components, because their response choices included 
components of the S+. However, the time-delay training procedure used in 
the study, a derivative of errorless training (Terrace, 1963), was 
designed to train subjects to respond to an S+ without having to sample S-
through trial-and-error procedures. In so doing, it is possible that 
subjects in the present study learned to identify the S+ from the 
trainer's modelled response on imitation and simultaneous trials, and, 
subsequently, subjects only had to scan the display for the S+ instead of 
sampling each response choice individually. The suggestion implies that 
there are characteristics of the total S+ which can be discriminated by a 
subject, without having to examine the components of each choice. This 
contention was supported by Hull (1943) and Couvillon et al. (1983), who 
argued that the interaction of components of a complex may result in 
stimulus control by the total S+, which is not shared by the components 
individually. The responses of the subjects in the present study support 
this position, since the subjects had to be capable of discriminating the 
total S+ (as evidenced by response rates on review and random sequence 
probes), but individual components acquired varying degrees of control. 
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It would be erroneous to conclude that all of the subjects in 
Concurrent training did not learn about individual components. The 
patterns of responding of Subject 4 strongly indicate that the subject 
learned to discriminate some of the components, but since relations 
between components were not established, the subject did not determine the 
syllable label that was correctly associated with each component. 
Consequently, Subject 4 arbitrarily assigned a label to a component of an 
S+, resulting in reversals on half of the components sampled. This 
subject's training history is analogous to the ambiguity created by a 
pseudodiscrimination training procedure (Honig & Urcuioli, 1981; 
Mackintosh, 1974; 1977). The training methodology did not define the 
critical variables of the stimuli; as a result, the subject without a 
training history that emphasized components of the whole was at liberty to 
associate any portion (or all) of the S+ with reinforcement. Clearly, 
this subject was not overselective, since control over responding was 
exhibited by most components. The subject's mistakes in labelling 
components can be attributed to a training history that did not specify 
relations among stimuli. 
The responses of Sl show a pattern of overselective behavior, since 
this subject labelled each complex with one syllable from the S+, and 
thereafter, both components of an S+ were identified by the same label. 
Overselectivity, as defined by Lovaas et al. (1971), is present in this 
subject's response patterns. However, upon closer examination, this 
subject did discriminate most of the S+ components by labelling components 
with one of the two syllables associated with the appropriate S+. It 
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cannot be concluded that the subject did not learn to discriminate 
components; instead, Concurrent training again did not specifically 
dissociate one component from another by requiring the subject to learn to 
discriminate components within the whole. 
The procedures used in Sequential training created a situation in 
which subjects were required to locate the component which was replaced 
from the previous S+. By tracking the replaced component, subjects 
learned to pair a previously-learned component with a new component. 
Evidence that this form of tracking occurred was noted in Experiment One 
in a contrast of subject's pointing responses on individual cards. 
Subjects in Concurrent training generally pointed toward the center of the 
card chosen, or else distributed responses equally to the left, center, or 
right. A preference toward the center position was not unexpected, since 
in the imitation and simultaneous training trials, trainers were careful 
to point to the center of the card, thus modeling a response at this 
location. Indeed, when a subject required physical prompting during any 
training trial, the trainer placed the child's index finger at the center 
of the card, thereby directly shaping responses to the center. However, 
subjects in Sequential training exhibited more pointing to the center and 
right positions. Since the component on the right position of the card 
was the first component replaced to create the second S+ for training, it 
may be speculated that responses to this position were subtly shaped by 
the Sequential training procedure. The responses of the subjects support 
the hypothesis that Sequential training highlights the new and functional 
S+ component. 
By introducing a new component with a familiar one, the Sequential 
training procedure uses novelty effects to enhance the salience of the new 
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component. In this manner, Sequential training may be an example of the 
Moss-Harlow effect (Zeaman, 1976), described previously as the tendency 
for an organism to respond to a novel stimulus after training on a 
relevant stimulus. Since young children tend to respond to novel stimuli 
(Wetryol & Wanich, 1983; Zeaman, 1976), Sequential training is a 
potentially effective method of using novelty to develop discrimination of 
components of a multiple stimulus. The novelty which was lacking in 
Concurrent training may have also created a choice display which was 
basically unitary; i.e., which did not contain sufficient novel elements 
that were salient for young subjects. Unitary displays are more difficult 
for young children to discriminate than displays which contain differing 
elements (Spiker & Cantor, 1983); therefore, Concurrent training 
procedures may have lacked the novelty which enhances stimulus salience 
for young children (Wetryol & Wanich, 1983). The Sequential procedure 
also required that children attend to only one bit of new information at a 
time; i.e., the new component. Children between the ages of 3 and 5 years 
typically are capable of processing one bit of information at a time 
(Osler & Kofsky, 1965); Therefore, Concurrent training, with four response 
choices from which a subject had to identify a correct combination by 
eliminating other, partially similar choices, may have created a task that 
was difficult for the subjects in the present study. 
The responses of subjects on probes during sessions did not reveal 
the same patterns of responding to recombinations and components observed 
in probes conducted after training 12 S+s. Additionally, although 
subjects demonstrated overselectivity in pretraining, and pretraining 
procedures were similar to subsequent experimental procedures, the in-
session probes did not continue to indicate overselective responding 
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during the experimental procedures. One explanation for this finding 
rests in the procedural changes that were added to the experimental 
sessions. During Experiment One, subjects were administered many more 
probes than during pretraining. The number of probes alone may have 
created confusion by introducing a range of new complexes which could 
easily disrupt responding. The effects of novel stimuli have thus far 
been shown to be conducive in discrimination training; however, novel 
stimuli have also been documented to disrupt established patterns of 
responding (Honig & Staddon, 1977). Furthermore, the introduction of new 
stimuli during probe trials can mask the effects of prior discrimination 
training (Honig & Urcuioli, 1981). Another possible explanation for the 
lack of accurate responding on in-session probes may be that subjects 
discriminated reinforcement contingencies between review, time delay, and 
aHaom sequence trials, which required feedback on each trial, and the 
probes, which, although on a VR 4 schedule for attending and compliance 
behaviors (this schedule was established on the basis of data from pilot 
procedures), did not reinforce responses to specific items. An 
alternative method might yield more informative responding on probes if 
the number of probes were reduced, and review trials were inserted among 
probes so that reinforcement could be provided for responding during the 
probe section of the session. 
At the end of Experiment One, subjects that remained in the study had 
been administered probes to determine their recombination (RC) skills and 
their ability to discriminate individual components (C). Previous 
research suggested that interspersing trials of S+ complexes and their 
components within a session, using a variable schedule of reinforcement, 
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resulted in a reduction of overselective responding (Lovaas et al., 1979). 
This question was examined in Experiment Two. 
CHAPTER VI 
EXPERIMENT 2 
The purpose of this experiment was to examine the effects of 
repeated component probes interspersed among multiple S+ probes, upon 
stimulus control by components, with experienced subjects. 
Method 
Subjects 
Subjects 1, 4, 5, and 8 participated in this experiment . Subjects 
6 and 7 left the preschool program in which they were enrolled and 
through which they served as subjects . They were no longer available to 
participate in the study after they left preschool. Subjects land 4 
each had participated in Experiment 1 in the Concurrent training of 12 
multiple S+s. Subjects 5 and 8 had part i cipated in the Sequential 
training of 12 multiple S+s in Experiment 1. 
Procedure 
Immediately after training the twelfth S+ in Experiment 1, each 
subject's responses to recombinations of components from learned S+s 
were sampled. This phase was called the recombination probe series. 
All of the components from previously learned S+s were recombined in 
novel combinations (for example, if training LAZ CIF, recombination 
probes would be LAZ HAC or GOX CIF). Subjects were instructed to point 
to a designated recombination out of four choices. 
series were subdivided into two sets, RCl and RC2. 
The generalization 
Probes in set RCl 
consisted of recombinations with components from the first six S+ that 
had been trained in Experiment 1 (e.g., for Sequential subjects these 
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included LAZ HAC, NAL HAC, NAL JIN, G0X CIF, G0X MUN, and LAZ MUN; and 
for Concurrent subjects, these included LAZ HAC, G0X JIN, PIB CIF, NAL 
MUN, VIL SEG, and TEK DUP). Probes in set RC2 consisted of recombina-
tions with components from the second six S+s that had been trained in 
Experiment 1. For Sequential subjects, these probes included PIB CIF, 
TEK MUN, VIL HAC, NAL SEG, and LAZ DUP. For Concurrent subjects, these 
probes included WAT DUP, VIL RAB, K0V F0T, YUG BEX, QUIBE HUD, and Z0Y 
J0PE. After the first recombination series, the components of only the 
first six S+s were sampled (e.g., for Sequential subjects, these were 
G0X, HAC, LAZ, JIN, NAL, CIF, and MUN). Next, all of the recombinations 
were probed again, followed by probes of only the components of the 
second six S+s. Finally, all of the recombinations were probed again. 
During each recombination series, 4 recombinations were sampled 
eight times each, per session, for a total of 32 recombination trials, 
and 10 original S+ trials (e.g., G0X HAC) were interspersed among these 
recombinations. Subject responses on original S+ trials were reinforced 
or corrected, as needed. These were the only trials on which the 
subjects received feedback. For each incorrect response on an S+ trial, 
the trainer provided reinforcement of behavior unrelated to responses 
(e.g., "touch nose") during another point in the session in an attempt 
to preserve the integrity of the planned VR4 schedule of reinforcement. 
During the component probe series, 4 trials of each of 8 components 
were sampled per session, for a total of 32 probe trials, and 10 
original S+ trials were interspersed among the component trials. 
Components were presented as described in Experiment 1. Subjects 
received no feedback during the component probe trials. Responses on 
original S+ trials were reinforced or corrected, and the schedule of 
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reinforcement was maintained at VR4 as in the recombination probe phase. 
In summary, dependent variables for Experiment 2 were percent correct 
responses to recombination and component probes. 
An exception to the reinforcement system was used for Subject 5 to 
motivate him to respond as accurately as he could. Subject 5 had 
expressed to the trainer that he preferred to play outside rather than 
work, so he was offered a "grab bag" prize at the end of the session if 
he responded correctly on at least 7 out of 8 reinforced trials. Grab 
bag prizes consisted of one object in an envelope. Objects included a 
r ainbow pen, special stickers, and other small items that were 
commercially available . This "enhanced" reinforcement was used 
beginning with the third series of generalization probes . With the grab 
bag method, Subject 5 stated that he preferred to work rather than play 
outside. Subject 5 obtained a grab bag for all sessions after the 
procedure was begun. 
Results 
All of the subjects in Experiment 2 increased the number of 
accurate responses on some recombination probes with repeated exposure; 
however,only Subject 8 demonstrated an improvement on recombination 
probes containing the components that had just been sampled (Table 18), 
and it cannot be clearly determined that this improvement resulted from 
exposure to particular components, since this subject exhibited an 
overall improvement after each RC series. The performance of Subject 5 
is difficult to interpret because lack of a functional reinforcer during 
the first two recombination probe series and the first component probe 
series may have affected his performance. However, with the enhanced 
79 
Table 18 
Percent of Correct Responses on Recombination (RC) and Component (C) 
Probe Series in Experiment 2 
% Correct Responses 
RCl RC2 
1st RC Series Components 2nd RC Series Components 3rd RC Seri es 
Subjects RCl RC2 RCl RC2 RCl RC2 
Sl 42 4 52 29 17 44 50 4 
S4 20 33 46 46 50 42 71 42 
ss 33 50 27 17 46 50 79* 
S8 71 71 100* 83* 83* 94* 100* 
* = Cr·terion of~ 75% correct responding was reached. 
reinfo ·cement system described previously, Subject S's responses to 
recomb nation probes improved over his performance on previous 
sessiors. 
79* 
92* 
Stbjects 1 and 4 entered Experiment 2 with Concurrent training 
histor ·es, and their average responses to recombination and component 
probes were at chance levels. Improvements in responses to recombin-
ation i:robes were not consistently observed after probe trials on 
components that were contained in those recombination items. Although 
these S.Jbjects also exhibited an overall improvement in responses to 
recombi1ation in RC probes, their levels of responding at the end of 
the thi rd series remained at what would be expected by chance. 
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Discussion 
The results of Experiment Two do not uniformly support the 
hypothesis that interspersed complex (S+) and component trials using a 
variable schedule of reinforcement result in an increase in correct 
discrimination of components. In a systematic presentation of part of 
the components with interspersed S+ trials, followed by probes to 
determine responses to recombinations, only Subject 1 exhibited improved 
responding to recombinations after exposure to components contained in 
those recombinations. Subjects 4 and 5 demonstrated such improvements 
only after RCl and RC2 Component probes, respectively. These results 
conflict with the findings of Lovaas et al. (1979), who demonstrated an 
increase in component responding using similar procedures. The lack of 
uniform improvement may be attributed to too few trials; i.e., more 
trials of components and S+ may have yielded more definitive results 
over time. However, simply extending this intervention, while 
interesting to observe, does not provide an efficient method for 
training subjects to respond to components of a complex. Additionally, 
Subject 5 may have demonstrated a more definitive pattern of the 
enhanced reinforcer system had been implemented earlier. 
It may also be speculated that a criterion that requires subjects 
to accurately identify recombinations of components may be too 
stringent. It can be argued, however, that it is insufficient for 
subjects to learn to identify components without also learning to 
recombine them. As demonstrated by Striefel et al. (1978), individuals 
can learn labels for single components, but the task in multiple-
stimulus discrimination is to establish responses to a combination of 
stimuli, the response to which is defined by the particular combination 
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of components in the complex. To this end, subjects must develop a 
strategy for recombining learned components so that new combinations can 
control specific new responses (Goldstein, 1984; Striefel et al., 1974; 
Striefel & Wetherby, 1973; Striefel et al . , 1976; 1978). The 
development of such a strategy is not facilitated by the methodology 
used in Experiment Two. 
An improvement in correct responses from the first RC series to the 
last RC series was observed for all subjects. This finding may have 
resulted from a redirection of the attention of the subjects away from 
the standard S+ training and probe format, to the different stimuli and 
display created by the interspersed components and S+s, thus, 
facilitating a contrast effect which could have enhanced the component 
stimuli. A disruption in procedures caused by interspersed probes can 
affect a subject's attention so that low-occurrence behaviors may 
actually increase (Dunham, 1977). Under this hypothesis, it would be 
expected that responses in RC probes would improve to some level, then 
stabilize once the novelty of the disrupting procedure was no longer 
effective. It may also be speculated that if overselective subjects are 
sampling limited numbers of components (Lovaas et al., 1979; Zeaman & 
House, 1963), then the interspersing of components actually highlights 
these non-sampled cues and increases their salience for the subjects. 
Since increasing salience of cues has been demonstrated as one means of 
developing component responding in overselective subjects (Lovaas et 
al., 1979), the novelty of the component probes interspersed among 
reinforced S+ complex trials may be the functional variable which has 
resulted in subsequent component responding in other studies. One 
method for testing this hypothesis with overselective subjects would use 
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two types of interspersed probes: One type would be the components of 
S+ complexes, and the other would be non-component, novel stimuli (e.g., 
small pictures of common objects that are not related to the S+ 
components) which would serve exclusively as the disrupting feature that 
introduces novelty. If subjects are learning to discriminate components 
when the components are interspersed among S+ trials, it would be 
anticipated that subjects with interspersed S+ component probes would 
show improved responding on recombination probes, and subjects with non-
S+ related probes would not show a similar improvement. However, if 
subjects are responding to the novelty of the new stimuli, regardless of 
stimulus content, then an initial increase in recombination probes could 
be expected, followed by a stabilizing of responses at some level, once 
the novelty of the probes had been exhausted. 
The subjects in Experiment Two who had a Sequential training 
history met criterion-level responding for the RC series (equal to, or 
better than 75% correct responding) by the end of Experiment Two. The 
sharp increase in correct responding for Subject 5 when the modified 
reinforcer system was implemented suggests that this subject may 
previously not have been displaying his full ability to respond 
correctly. However, the responses of subjects with Concurrent training 
histories, although slightly improved, remained at chance level. It is 
not known whether an enhanced reinforcement system would have also 
imp oved the performance of Subjects 1, 4, and 8. 
It was determined that the procedures in Experiment One would be 
rep l icated with the two Concurrent subjects in an attempt to establish 
component discrimination by these subjects. 
CHAPTER VII 
EXPERIMENT 3 
The purpose of this experiment was to implement Sequential training 
wTith subjects who had a history of Concurrent training, since Concurrent 
training had not resulted in the development of stimulus control by 
crnmponents of multiple stimuli. It was anticipated that by creating an 
ov1erlap in S+ components using Sequential training, these subjects would 
acquire component discrimination and recombination skills . 
Method 
Subjects 
Subjects I and 4 participated in this experiment. Both subjects 
had a history of Concurrent training, as described in the General 
Me hod and in Experiment I. Both subjects had not exhibited correct 
responding to components of previously -learned multiple complexes 
either on component probe trials (C), or on recombinations probe trials 
(RC) in Experiment 2. 
Procedure 
Each subject had already mastered 12 S+s along the diagonal of the 
training matrix during Experiment I (see items marked IC through 12C on 
Figure 10). In Experiment 3, each subject was trained on the multiple 
S+s which overlapped components of previously trained S+s (see items 
marked I through VI on Figure 13). As diagramed in Figure 14, training 
was conducted using the procedures which were used for Sequential 
training in Experiment I (response choices did not contain S+ 
components). 
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HAC JIN CIF MUN SEG DUP RAB 
GOX 1C I 
L.AZ 2C II 
NAL 3C Ill 
PIB 4C IV 
TEK SC V 
VIL 6C VI 
Figure 13. Training matrix for Experiment 3 indicating additional 
items trained {I-VI) 
Sample Response Choice Display 
Usej in Experiment One 
S+ 
GOXHAC 
FIB HAC 
GOXCIF 
PIBCIF 
Sample Response Choice Display 
Used in Experiment Three 
S+ 
GOXHAC 
JINVIL 
LAZ DUP 
WATSEG 
Figure 14. Sample response choice displays used in Experiment 1 and 
Experiment 3 
85 
After training on the six S+s designated for Experiment 3, respon-
ses on the recombination probe series and responses to components were 
sampled using the procedures used in Experiment 2. Probes were desig-
nated as RCa and Ca, representing recombination and component probes 
from the additional six items trained in Experiment 3, respectively 
(see Figure 15); and RCo and Co, representing the recombination and 
component probes from stimuli used during the original training in 
HAC JIN CIF MUN SEG DUP RAB 
GOX I RCa RCa 
LAZ 
" 
RCa RCa 
R~ RCa NAL Ill 
PIB RCa RCa IV 
TEK RCa RCa V 
VIL RCa RCa VI 
Figure 15. Matrix illustrating recombination probes (RCa) and 
training items (I-VI) used in Experiment 3. 
Experiment 1, but not contained in the additional six items trained in 
Experiment 3. The reader is directed to Experiment 1 for a description 
of these items. The probes used to determine overselectivity and 
recombination within the training sessions were identical to those used 
to Experiment 1, and are described in Table 3 (p. 37). The same 
dependent variables used in Experiment 1 were used in Experiment 3, 
with the exception that errors and sign tracking were not analyzed 
because of the few numbers of responses involved in Experiment 3. 
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Results 
The percent of correct responses of both subjects on 
overselectivity and recombination probes during training are displayed 
in Table 19. By the fifth training item (TEK DUP), Subject 1 was 
responding correctly to the majority of probes during training . 
Subject 4 began to respond correctly to the majority of probes during 
training immediately after the first overlapping S+ was trained in 
Experiment 3. 
Table 19 
Percent of Correct Responses on Training Probes for Experiment 3 
% Correct Probe Responses 
Subjects Training Item 01 02 03 04 RC 
Sl GOX JIN (I) 50 50 50 50 100 
LAZ CIF (II) 75 25 100 50 0 
NAL MUN (III) 75 0 0 50 0 
PIB SEG (IV) 50 25 0 100 0 
TEK DUP (V) 0 100 50 100 75 
VIL RAB (VI) 75 100 50 100 100 
S4 GOX JIN (I) 100 100 50 50 100 
LAZ CIF ( 11) 100 25 100 100 75 
NAL MUN (III) 50 50 50 100 100 
PIB SEG (IV) 25 100 100 100 100 
TEK DUP (V) 100 100 50 100 100 
VIL RAB (VI) 100 100 100 100 100 
As shown in Table 20, both subjects demonstrated improvements in 
responding to recombination series (RCa) (e.g., LAZ HAC) and component 
(Ca) (e.g., LAZ and HAC) probes conducted after training of all six 
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Table 20 
Percent of Correct Responses on the Recombination 
and Component Probe Series in Experiment 3 
Subject 
Sl 
S4 
RCa 
83 
96 
% Correct Responses 
Ca 
92 
90 
RCo 
70* 
89 
*Indicates that only items that did not meet the 
recombination criterion. 
Co 
77 
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additional complexes. Furthermore, the subjects responded correctly to 
recombination items (RCo) which contained components from the original 
training set in Experiment 1 and which had not previously controlled 
responding (in Exp. 2) (e.g., QUIBE HAC and PIB BEX). The subjects 
also responded correctly to component probes (Co) that sampled 
components from the original training in Experiment 1 (e.g., QUIBE and 
BEX), but were not included in the S+s that were used for Experiment 3. 
As shown in Table 21, Subject 1 attained the discriminations in an 
average of 15.2 trials (range 12-22), and Subject 4 had an average of 
13.8 trials to criterion (range 12-21). For both subjects, these 
figures are lower than the trials to criterion which they required in 
Experiment 1, under Concurrent training (SI averaged 17.7 trials and S4 
averaged 15.8 trials to criterion). Furthermore, both subjects 
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Table21 
Numbe of Trials to Criterion Per Training Item for Subjects in 
Exper·ment 3 
Number of Trials to Criterion 
Train ing Item Subject 1 Subject 4 
I 13 12 
I I 12 13 
I II 13 12 
IV 22 21 
V 20 13 
VI 12 12 
Total Average 13.8 15.2 
required fewer trials to criterion than Sequential subjects in 
Experinent 1, who averaged 18 . 4 trials to criterion. This discrepancy 
suggests that history effects of prior training may have resulted in 
faster acquisition of the discriminations in Experiment 3. 
Discussion 
The results of Experiment 3 supported the results of Experiment l; 
i.e., Sequential training facilitated the development of stimulus 
control by components of a complex. Although Subjects 1 and 4 entered 
Experiment 3 with a Concurrent training history which could potentially 
conta~inate the results of subsequent Sequential training, their 
performance can be contrasted with Subjects 3, 5, 6, and 8, who were 
naive subjects, who, after Sequential training, exhibited discrimin-
ation skills in Experiment 1. With Subjects 3, 5, 6, and 8 as control 
comparisons, the emergence of recombination and component discrimin-
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ation skills in Subjects 1 and 4 after Sequential training supports a 
conclusion that Sequential training accounted for the development of 
these skills. Nevertheless, since subjects in Experiment 3 required 
fewer trials to criterion than subjects in Experiment 1, it must be 
concluded that prior multiple-stimulus training facilitated further 
training in Experiment 3. 
Immediately prior to Experiment 3, Subject 1 demonstrated reversals 
of components, suggesting that although the subject had lea rned to 
ident i fy some components, each component that had been identified had 
been arbitrarily assigned a label (sometimes incorrect) from the 
complex. Furthermore, both Subjects 1 and 4 exhibited a pattern of 
identifying both components with the same label , suggesting that for 
several complexes, the subjects did not learn to associate one label 
with one figure. In Experiment 3, however, these subjects were required 
to learn familiar components in new combinations, and they very rapidly 
showed evidence of correct discriminations of many components. 
Furthermore, these subjects also accurately recombined several 
components that were not specifically overlapped during training in 
Experiment 3, but which had been learned as parts of complexes in 
Experiment 1. This finding is strong evidence that the subjects learned 
a strategy for recombining, which was not learned without the overlap of 
components in Sequential training. These findings are consistent with 
findings of other researchers in multiple-stimulus discrimination 
(Striefel et al., 1974; Striefel & Wetherby, 1973; Striefel et al., 
1976; 1978; Goldstein, 1984). 
To develop the strategy that led to accurate responding in 
Experiment 3, the subjects were trained by using exemplars of a rule, 
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i.e., systematic combinations of components. The use of exemplars to 
train a strategy that can be applied successfully to novel situations is 
a common method of teaching concepts to children 7 years of age and 
younger (Kossan, 1981). Whereas older children learn a strategy equally 
well by learning exemplars or by learning a rule, young children appear 
to categorize or classify stimuli by experience with exemplars of the 
rule (Siegler, 1986). After developing these classes, new examples in 
the environment are hypothetically compared with the exemplars 
associated with the class, and included or excluded based upon a 
determination of match/mismatch between the new example and the old 
exemplars (Medin & Schaffer, 1978; Standing, Conezio, & Haber, 1970). 
This strategy could account for the skill which subjects in Experiment 3 
exhibited in recombining components which were not part of Experiment 3 
training, but which were familiar from Experiment 1. The components of 
the matrix were all sufficiently similar so that a rule which was 
applied to the S+ of Experiment 3 could also be applied successfully to 
components from other S+s. In accordance with research conducted by 
Miles and Jenkins (1973) and others (for review, see Honig & Urcuioli, 
1981), it would be interesting to determine how much variation in 
exemplars would still be identified by children of different ages as 
part of a particular class. A series of studies across different 
dimensions (numerosity, size, shapes, etc.) may reveal a hierarchy of 
stimulus dimensions which are increasingly (or decreasingly) salient for 
children, and which may account for overselection in young children when 
multimodal stimuli are used for discrimination training. 
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CHAPTER VIII 
CONCLUSIONS AND GENERAL DISCUSSION 
Differential Effects of Sequential 
and Concurrent Training 
The :hree experiments demonstrated that a training procedure that 
sequentia ly presented S+s containing overlapping components resulted in 
higher le vels of correct responding to components by subjects who pre -
viously d·d not exhibit this skill, compared with the performance of 
subjects vho did not have sequential training. Furthermore, subjects 
were also able to identify the components in new combinations. The 
alternati \e training procedure in which components of the S+ were 
present dLring discrimination training did not result in consistent 
identific ation of components. Instead, subjects often reversed syllable 
names for components of an S+, or exhibited overselectivity by identi-
fying both components with the same syllable name. The overselective 
behavior of these subjects is consistent with the Stimulus X hypothesis 
(Mackintosh, 1974; 1977); the subjects were presented with stimuli that 
were ambiguous (from the subject's perspective), and they associated 
reinforcement with some portion of the stimulus, but not necessarily 
that portion designated by the experimenter. In effect, overselection 
of these subjects resulted not from the inability of young children to 
discriminate components of multiple stimuli, but from imprecise rela-
tions between discriminative stimuli and reinforcers. This methodology 
is common in research on overselectivity, and may have resulted in the 
creation of cverselectivity as a discrete area of research separate from 
other areas ~hich clearly examine the same behavior. 
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Although variability was noted in the responses of Concurrent 
subjects, it is worth noting that subjects showed evidence of having 
learned to associate some label with both components by either reversing 
component names (Subject 4} or identifying both components by the same 
syllable name (Subjects 1 and 4}. It could be argued that Concurrent 
training shaped responding to S+ as a total figure (thereby diminishing 
control by components}, because responses to complexes containing 
components during training were not reinforced . In so doing, recom-
bination skills may have been inadvertently punished with the correction 
procedure. It may be speculated that subsequent correct responding on 
recombination probes could have been reduced by Concurrent training. 
Overselectivity and a Continuum 
of Stimulus Control 
Th@ response patterns of subjects who exhibited overselectivity 
could also be described as partial and total overshadowing by one 
component over another. Partial overshadowing was evident in responses 
where a subject identified both components by the same label, thereby 
demonstrating that the other component had been associated with some 
verbal stimulus. Total overshadowing was demonstrated in responses 
where one component was consistently identified, but the other was not 
identified at all on probe trials. These variations in stimulus control 
support the conclusion of Bickel et al. (1984} that the behavior known 
as overselectivity actually represents a continuum of stimulus control 
which is not apparent unless the experimenter specifically probes for 
control by all components of the complex. This continuum of stimulus 
control may even include control by S- components (Bickel et al., 1984; 
Quintero & Striefel, 1987}. 
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Along the continuum of stimulus control is the possibility of 
control by the total complex, which is not shared by individual com-
ponents. In the present study, for example, one subject was eliminated 
from participation because the subject did not achieve a pretraining 
criterion of 75% correct responding to one component and 25% or less 
correct responding to the other component. However, this subject had 
established correct responding to the complexes trained in the pre-
training phase, therefore it must be concluded that responding was 
controlled by some characteristic(s) of the whole which was not present 
in the components when they were recombined in probes . Responses that 
are controlled by the total complex may represent an interaction among 
stimuli which effectively creates a new stimulus (Couvillon et al . , 
1983; Hull, 1943). In research conducted with severely retarded 
children using visual stimuli consisting of nonsense stimuli, Quintero 
and Striefel (1987) documented numerous examples of stimulus control by 
total complexes, but absence of control by components of these com-
plexes . It was hypothesized that the stimulus created by the inter-
action of components may have features such as a distinct overall shape, 
which may control behavior. 
Stimulus Salience 
If the responses of subjects can be controlled differentially by 
parts of the S+, the S-, and/or characteristics of the total complex, it 
is important to determine what features of a training environment, and 
particularly a response choice display, are sampled by a subject. In so 
doing, the salience of stimulus components may be better determined, and 
some predictive statements about overshadowing by competing stimuli 
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might be possible. One method for identifying where a subject is 
sampling would be to require a subject to touch parts of the stimulus 
display to which he/she is responding. This methodology was used in the 
present study, with limited success. Although, as predicted by sign-
tracking theory, it was expected that children would reliably point to 
the component(s) that was controlling responding, the subjects in this 
study did not exhibit pointing responses which correlated with levels of 
correct responding to components on probes. It could be speculated that 
the figures were too small or too close together on each card for the 
subjects to actually discriminate individual components (although other 
evidence does not support this conclusion); that training shaped 
responsding toward a center position on the card; or that competing 
stimulus characteristics could have exerted some control over pointing. 
Clearly, some shaping to the center position may have occurred. 
However, the consistent response pattern of Sequential subjects toward 
the right position, as well as the center position, of the cards 
suggests that some stimulus characteristic was influencing behavior. 
Since the right position on the S+ card was the first to be replaced in 
Sequential training, it may be speculated that novelty had a role in 
subjects' responses. 
Stimulus Novelty 
One variable which is known to affect responding by either 
increasing low-frequency behaviors (Dunham, 1977) or decreasing on-
going behavior (Mogenson & Cioe, 1977) is stimulus novelty. In the 
present study, novelty was used to facilitate the acquisition of 
component discrimination in complex stimuli. The procedure used to 
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introduce novel characteristics was patterned after research in the 
development of instruction-following behavior conducted by Striefel and 
colleagues (Striefel et al., 1974; Striefel & Wetherby, 1973; Striefel 
et al . , 1976; 1978). In this procedure, S+s contain a familiar, 
previously -trained component paired with a new component. The order of 
the pairings is determined by arranging the components along the axes of 
a matrix, then training complexes with the combinations created within 
the cells that form a "staircase" pattern beginning at one corner of the 
matrix . Since the responses of young children are strongly controlled 
by novelty in a stimulus display (Wetryol & Wanich, 1983), it can be 
hypothesized that the subjects in the present study responded to the 
salient novel component that was paired with the familiar component from 
the previous S+. Evidence to support this hypothesis was observed in 
the pattern of pointing toward the right side (the first component that 
was replaced) of response cards by subjects with this training history . 
However, since the other choices in the display were also novel, it must 
be concluded that subjects also responded to the familiar component in 
the display . The following strategy may be hypothesized for these 
subjects: in a new display, the subject located the familiar component; 
the novelty of the new accompanying component was made more salient for 
the subject by its interaction with the familiar component because of 
its proximity to the familiar component; the subject learned to discrim-
inate the new com-ponent in the context of a complex with the old 
component; and the "new" component became the familiar stimulus in the 
next S+. This strategy, however, would be expected to result in 
incorrect responding on random sequence trials, on which all components 
were familiar. Indeed, subjects in general demonstrated more errors on 
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random sequence trials than during discrimination training, and subjects 
with Sequential training exhibited more errors in the random sequences 
than subjects with Concurrent training, suggesting that familiarity 
controlled at least some responses during random sequence probes. 
Overselection and Overshadowing 
The findings of the experiments conducted herein parallel the 
findings of research in overshadowing (Blough, 1969; Heinneman & Chase, 
1970; Honig & Urcuioli, 1981). In the present study, overselection can 
be described as responding which came under the control of one compon-
ent of an S+ when both components were presented together as a complex 
during training. This description is similar to the definition of 
overshadowing presented by Honig and Urcuioli (1981), and supports~ 
redefinition of overselectivity as the behavior emitted by a subject 
when one component of a complex stimulus overshadows control by another 
component, thereby bridging a gap between human and animal research in 
the areas of overselectivity and overshadowing, respectively. 
In redefining overselectivity as the behavior that results from 
overshadowing, it is no longer of interest to document that over-
selectivity occurs in humans with young mental ages. (This docu-
mentation is well-established and does little to advance research in 
overshadowing.) A more critical question is the development of tech-
nology to determine what features of a complex stimulus will ultimately 
control responding, and how such control can be manipulated. When young 
children are presented with a complex stimulus, certain features or 
characteristics of the stimulus appear to be more salient for children 
at various ages. For example, numerosity is discriminated by infants 
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less than a year old (Antell & Keating, 1983; Starkey & Cooper, 1980; 
Strauss & Curtis, 1981; Treiber & Wilcox, 1984), but configuration 
(shape) has yet to be shown to be discriminable by infants. Discrimin-
ation of color, shapes, and linear designs of increasing complexity 
(e.g., letters in words) are hypothesized to develop, in this order, 
between the ages of 1 and 6 years (Brigance, 1978; Beery, 1981). These 
findings suggest that the limitations of physiological/neurological 
development may operate to enhance or diminish the salience of some 
stimuli that are presented in competition with other stimuli. In this 
sense, overshadowing may be related to biolog-ical parameters correlated 
with mental age; i.e., younger children may be neurologically too 
immature to be capable of discriminating multiple stimuli. 
Overselective behavior resulting from overshadowing cannot be 
attributed totally to biological limitations, however. The correlation 
between overselectivity and mental age may also represent a limited 
training history with multiple stimuli. In the experiments conducted in 
the present study, subjects who initially exhibited response patterns 
indicative of overshadowing by some stimulus components learned to dis-
criminate the "ignored" component through specific training. In these 
subjects, it cannot be argued that biological constraints resulted in 
overselective responding. Furthermore, cross-modal stimuli present 
another variation in overshadowing which creates an additional area of 
study. For example, in the present set of experiments, cross-modal 
overselective responding was not a target behavior to study. However, 
it is interesting to note that subjects with a concurrent history 
identified many S+ components by a single syllable name, although they 
had always been presented both names (for each component) together. 
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This behavior may be an example of auditory overselection, resulting 
from one syllable name overshadowing the other name. The syllables 
which controlled responding in this study were not consistently associ-
ated with a particular characteristic (e.g., the first of the two syll-
able names in a complex). Future research to examine the parameters 
whic, control overselection in auditory and tactile stimuli should be 
pursued systematically, as visual stimuli have been examined in the 
present study. 
Limitations of the Study 
Generalization of results of the present study is limited by the 
small number of subjects, and, particularly, by the variability in the 
resp onse patterns of Concurrent subjects. It is unknown whether more 
subjects would reveal consistent patterns from which future behavior 
could be predicted, or whether more types of variability would emerge. 
It should be noted that subjects with Concurrent training may have 
been disadvantaged by lack of salience in the stimulus display. For 
these subjects, all the choices were novel, and there was no continuity 
from previous training to suggest that the present task was somehow 
related to previous-learned S+s. However, although these subjects also 
exhibited more errors during random sequences than during discrimination 
training, the difference between errors in these two phases was smaller 
than fo Sequential subjects (i.e., subjects with Sequential training 
had proportionately more errors in random sequences than in training), 
suggest ·ng that subjects who had S+ components in the response choices 
may havE found the random sequence displays less difficult to discrimin-
ate because there were no common components present among the choices. 
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Another possible arrangement of stimuli and choices which could be 
studied consists of Concurrent training (using the complexes in the 
diagonal of the training matrix) with choices that do not contain 
overlapping S+ components. Although there would be variety in this 
display, and subjects could use either S+ component as a cue for correct 
S+ responding, the results of the present study would support a 
prediction that subjects would not learn to associate specific labels 
with specific symbols, since this method does not create salience of 
components within the complex. 
In combining these findings, it may be interesting to speculate on 
the effects of conducting Sequential training with response choices that 
contain S+ components during discrimination training. If the role of 
salience created by novelty discussed earlier is accurate, it would be 
predicted that the development of component discrimination might be 
retarded by the lack of novelty in the choice display. However, this 
assumption applies only to training conducted under the time-delay 
training parameters of the present study. As discussed in Experiment I, 
time delay training is an "errorless" procedure which may have reduced 
the number of subject errors in responding, thus limiting the amount of 
error data that could be analyzed. If trial-and-error training were 
used, instead of time-delay training, initial acquisition of the 
discrimination would undoubtedly take more trials, but subjects might 
learn to identify within the first S+ that individual components exist 
in the display and unique combinations define the S+s. Recombination 
skills, however, would still be expected to require more exemplars since 
identification of components was demonstrated by Concurrent subjects in 
the present study to be insufficient for the development of accurate 
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recombination skills. Finally, use of normal subjects led to rapid 
acquisition of the discrimination. Replication of the procedures in the 
present study with developmentally delayed subjects may allow for more 
extended analysis, since the acquisition of discriminations in this 
population takes more trials and would yield more acquisition data 
(Zeaman & House, 1963). 
One concern was not addressed in these studies was the potential 
effects of reinforcer systems upon subjects' accuracy of responding. 
With a modified reinforcer system, Subject 5 exhibited an increased 
level of correct responding; however, a similar manipulation was not 
conducted with Subjects 1 and 4, who also had low levels of accurate 
responding, but had not verbalized interest in competing behaviors like 
Subject 5. It is unknown whether a different reinforcement system might 
have improved the responses of Subjects 1 and 4. However, since they 
demonstrated improved levels of correct responding when the experimental 
procedures of Experiment 3 were used, and since Experiment 3 did not 
introduce a different reinforcement system, it may be speculated that 
the data from Subjects 1 and 4 in Experiment 2 truly reflected the 
degrees of discrimination that they had acquired. 
The present study utilized nonsense syllables to investigate 
multiple-stimulus discrimination in young normal children. It is 
unclear, however, whether results would have differed if practical or 
familiar stimuli had been used (e.g., shapes such as a circle, square, 
or triangle; or drawings of common objects, such as planes or cars). 
The potential effects of such stimuli are discussed below as practical 
implications of the study. 
-------- - - -- - - -- --- --
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Practical Implications 
The findings of the three experiments suggest some procedures which 
could be considered by educators who work with children. One example of 
such an application is in the development of reading skills. If reading 
were defined as the recombination of sounds (phonics) that are associ-
ated with symbols (letters of the alphabet), then teaching exemplars 
such as CAT, MAT, MET, SET, etc., in which sections of words are 
systematically introduced and children are trained to articulate the 
total word sound, would be expected to result in rapid acquisition of 
reading skills with a built-in method for establishing generalization 
(recombination of learned sounds) skills. Such a technology could be 
contrasted with the relative efficacy of training children to learn only 
sight words, or training a series of exemplars such as MAT, MET, and 
MIT, that do not overlap as in the present study. 
The strength which is contributed to the applied field by the 
methodology investigated in the present study is the way in which a new 
discrimination can be trained with a subject, in a manner that results 
in generalization of the learned behavior. The generalization of a 
learned behavior to a new stimulus is a critical area for study. With 
young children and with persons who have handicaps, skills can often be 
taught, but are then only exhibited within the limited confines of the 
training setting (Stokes & Baer, 1977). Any methodology that 
contributes to a technology of generalization is a contribution to the 
field of learning, and should be investigated further to identify the 
critical variables that result in generalization of learned skills to 
new stimuli. 
REFERENCES 
Antell, S. E., & Keating, D. P. (1983). Perception of numerical 
invariance in neonates. Child Development, 54, 695-701. 
Bandura, A. (1969). Principles of behavior modification. New York: 
Holt, Rinehart & Winston. 
Beery, K. E. (1981). Developmental test of visual-motor integration. 
Chicago: Follet Publishing. 
Bickel, W. K., Stella, M. E., & Etzel, B. C. (1984). Reevaluation of 
stimulus overselectivity: Restricted stimulus control or stimulus 
control hierarchies. Journal of Autism and Developmental Disorders, 
ll, 137-157. 
Blough, D. S. (1969). Attention shifts in a maintained discrimination. 
Science, 166, 125-126. 
Brigance, A. H. (1978). Inventory of early development. North 
Billerica, MA: Curriculum Associates. 
Clement, D. E. (1978). Perceptual structure and selection. In E. C. 
Carterette & M. P. Friedman (Eds.), Handbook of perception IX: 
Perceptual processing. New York: Academic Press. 
Couvillon, P.A., Klosterhalfen, S., & Bitterman, M. E. (1983). 
Analysis of overshadowing in honey bees. Journal of Comparative and 
Physiological Psychology, 97, 154-166. 
Cowan, P.A., Hodinott, B. A., & Wright, B. S. (1965). Compliance and 
resistance in the conditioning of autistic children: An exploratory 
study. Child Development, 36, 913-923. 
Day, M. C. (1978). Visual search in children: The effect of background 
variation and the use of visual cues. Journal of Experimental Child 
Psychology, 25, 1-16. 
103 
Dunham, P. (1977). The nature of reinforcing stimuli. In W. K. Honig, 
& J. E. R. Stadden (Eds.), Handbook of operant behavior, (pp. 98-
124). Englewood Cliffs, NJ: Prentice-Hall. 
Farthing, G. W., & Hearst, E. (1970). Attention in the pigeon: Testing 
with compounds or elements. Learning and Motivation, l, 65-78. 
Fischer, M.A., & Zeaman, D. (1973). An attention-retention theory of 
retardate discrimination learning. In N. R. Ellis (Ed.), 
International review of research in mental retardation (Vol. 6, pp. 
171-251). New York: Academic Press. 
Foss, D. J. (1968). An analysis of learning in a miniature linguistic 
system. Journal of Experimental Psychology, 76, 450-459. 
Garner, W. R. (1962). Uncertainty and structure as psychological 
concepts. New York: Wiley. 
Goldstein, H. (1984). Enhancing language generalization using matrix 
and stimulus equivalence training. Unpublished manuscript, 
University of Pittsburgh. 
Goodwin, W. R., & Lawrence, D. H. (1955). The functional independence 
of two discrimination habits associated with a constant stimulus 
situation. Journal of Comparative Physiological Psychology, 48, 
437-443. 
Hearst, E., & Jenkins, H. M. (1974). Sign-tracking: The stimulus-
reinforcer relation and directed action. Monograph of the 
Psychonomic Society. Austin, TX. 
Heinneman, E. G., & Chase, S. (1970). Conditional stimulus control. 
Journal of Experimental Psychology, 84, 187-197. 
Honig, W. K., & Staddon, J. E. R. (Eds.) (1977) . Handbook of operant 
behavior. Englewood Cliffs, NJ: Prentice-Hall. 
104 
Honig, W. K. & Urcuioli, P. J. (1981). Review of stimulus generaliza-
tion. Journal of Experimental Analysis of Behavior, 36, 405-445. 
Hull, C. L. (1943). Principles of behavior. New York: Appleton-
Century-Crofts. 
Jenkins, H. M., & Harrison, R. H. (1960). Effect of discrimination 
training on auditory generalization. Journal of Experimental 
Psychology, 59, 246-253. 
Koegel, R. L., & Rincover, A. (1976). Some detrimental effects of 
using extra stimuli to guide learning in normal and autistic 
children. Journal of Abnormal Child Psychology,!, 59-71. 
Koegel, R. L., & Schreibman, L. (1977). Teaching autistic children to 
respond to simultaneous multiple cues. Journal of Experimental 
Child Psychology, 24, 299-311 
Koegel, R. L., Schreibman, L., Britten, K., & Laitinen, R. (1979). The 
effects of schedule of reinforcement on stimulus overselectivity in 
autistic children. Journal of Autism and Developmental Disorders, 
~. 383-397. 
Koegel, R. L., & Wilhelm, H. (1973). Selective responding to the 
components of multiple visual cues by autistic children. Journal of 
Experimental Child Psychology, li, 442-453. 
Kossan, N. (1981). Developmental differences in concept acquisition 
strategies. Child Development, 52, 290-298. 
Lashley, K. S. (1938). The mechanism of vision: XV. 
studies of the rat's capacity for detail vision. 
Psychology, 18, 123-193. 
Preliminary 
Journal of General 
105 
Lovaas, 0. I., Koegel, R. L., & Schreibman, L. (1979). Stimulus 
overselectivity in autism: A review of research. Psychological 
Bulletin, 86, 1236-1254. 
Lovaas, 0. I., Schreibman, L., Koegel, R., & Rehm, R. (1971). 
Selective responding by autistic children to multiple sensory input. 
Journal of Abnormal Psychology, 77, 211-222. 
Mackintosh, N. J. (1974). The psychology of animal learning. London: 
Academic Press. 
Mackintosh, N. J. (1977). Stimulus control: Attentional factors. In 
W. K. Honig & J. E. R. Staddon (Eds.), Handbook of operant behavior, 
(pp. 481-513). Englewood Cliffs, NJ: Prentice Hall. 
Martin, G., & Pear, J. (1978). Behavior modification: What it is and 
how to do it. Englewood Cliffs, NJ: Prentice, Hall. 
Medin, D. L., & Schaffer, M. (1978). Context theory of classification 
learning. Psychological Review, 85, 207-238. 
Miles, C. G., & Jenkins, H. M. (1973). Overshadowing in operant 
conditioning as a function of discriminability. Learning and 
Motivation,!, 11-27. 
Mogenson, G., & Cioe, J. (1977). Central reinforcement: A bridge 
between brain function and behavior. In W. K. Honig & J. E. R. 
Staddon (Eds.), Handbook of operant behavior, (pp. 570-595). 
Englewood Cliffs, NJ: Prentice Hall. 
Osler, S. F., & Kofsky, E. (1965). Stimulus uncertainty as a variable 
in the development of conceptual ability. Journal of Experimental 
Child Psychology, Z, 264-279. 
106 
Polidora, V. J., & Fletcher, H.J. (1964). An analysis of the 
importance of S-R spatial contiguity for proficient primate 
discrimination performance. Journal of Comparative Physiological 
Psychology. 57, 224-230. 
Quintero, M., & Striefel, S. (1987). Fading and time-delay procedures 
for the development of discriminative responding in autistic 
children. Unpublished manuscript, Utah State University, Logan. 
Rescorla, R. A., & Wagner, A. R. (1972). A theory of Pavlovian 
conditioning: Variations in the effectiveness of reinforcement and 
nonreinforcement. In A. H. Black & W. F. Prokasy (Eds.), Classical 
conditioning II: Current research and theory , (pp. 64-99). New 
York: Appleton-Century -Crofts. 
Reynolds, B. S., Newsom, C. D., & Lovaas, 0. I. (1974). Auditory 
overselectivity in autistic children. Journal of Abnormal Child 
Psychology, l, 253-263. 
Rincover, A. (1978). Variables affecting stimulus fading and 
discriminative responding in psychotic children. Journal of 
Abnormal Psychology. 87, 541-553. 
Ross, A. 0. (1976). Psychological aspects of learning disabilities and 
reading disorders. New York: McGraw-Hill. 
Rosser, R. A., Enseng, S. S., & Mazzeo, J. (1985). The role of 
stimulus salience in young children's ability to discriminate two-
dimensional rotations: Reflections on a paradigm. Contemporary 
Educational Psychology, lQ, 95-10. 
Schneider, H. C., & Salzberg, C. L. (1982). Stimulus overselectivity 
in match-to-sample paradigm by severely retarded youth. Analysis 
and Intervention in Developmental Disabilities, l, 273-304. 
107 
Schover, L. R., & Newsom, C. D. (1976). Overselectivity, developmental 
level, and overtraining in autistic and normal children. Journal of 
Abnormal Child Psychology.!, 289-298. 
Schreibman, L. (1975). Effects of within-stimulus and extra-stimulus 
prompting of discrimination learning in autistic children. Journal 
of Applied Behavior Analysis,~, 91-112. 
Schreibman, L., Koegel, R. L., & Craig, M. S. (1977). Reducing 
stimulus overselectivity in autistic children. Journal of Abnormal 
Child Psychology.~, 425-436. 
Schreibman, L., & Lovaas, 0. I. (1973). 
social stimuli by autistic children. 
Psychology,~, 425-436. 
Overselective response to 
Journal of Abnormal Child 
Siegler, R. S. (1986). Children's thinking. Englewood Cliffs, NJ: 
Prentice-Hall. 
Siversten, B. (1976). Overselectivity, mental age and behavioral 
development: A comparison of normal and autistic children. 
(Doctoral dissertation, University of California, Los Angeles). 
Dissertation Abstracts International, 37, 2562B. 
Smeets, P. M., Hoogeveen, F. R., Striefel, S., & Lancioni, G. E. 
(1985). Stimulus overselectivity in TMR children: Establishing 
functional control of simultaneous multiple stimuli. Analysis and 
Intervention in Developmental Disabilities,~' 247-267. 
Spiker, C. C., & Cantor, J. H. (1983). The dimensional analysis of 
multidimensional stimuli by children. Bulletin of the Psychonomic 
Society • .fl, 449-452. 
108 
Standing, L.> Conezio, J., & Haber, R. N. (1970). Perception and 
memory for pictures: Single trial learning of 2560 visual stimuli. 
Psychonomic Science, 12, 73-74. 
Starkey, P., & Cooper, R. S. (1980). Perception of numbers by human 
infants. Science, 210, 1033-1035. 
Stokes, T. F., & Baer, D. M. (1977). An implicit technology of 
generalization. Journal of Applied Behavior Analysis, I, 599-610. 
Strauss, M. S., & Curtis, L. E. (1981). Infant perception of 
numerosity. Child Development, 52, 1146-1152. 
Striefel, S., Bryan, K. S., & Aikins, D. A. (1974). 
stimulus control from motor to verbal stimuli. 
Behavior Analysis, I, 123-135. 
Transfer of 
Journal of Applied 
Striefel, S., & Owens, R. R. (1980). Transfer of stimulus control 
procedures: Applications to language acquisition training with the 
developmentally handicapped. Behavior Research of Severe 
Developmental Disabilities, l, 307-331. 
Striefel, S., & Wetherby, B. (1973). Instruction-following behavior of 
a retarded child and its controlling stimuli. Journal of Applied 
Behavior Analysis,§, 663-670. 
Striefel, S., Wetherby, B., & Karlan, G. R. (1976). Establishing 
generalized verb-noun instruction-following skills in retarded 
children. Journal of Experimental Child Psychology, 22, 247-260. 
Striefel, S., Wetherby, B. & Karlan, G. R. (1978). Developing general-
ized instruction-following behavior in severely retarded persons. 
American Association of Mental Deficiency Monograph,~' 267-326. 
Terrace, H. S. (1963). Discrimination learning with and without 
"errors." Journal of Experimental Analysis of Behavior,§, 1-27. 
109 
Trabasso, T., & Bower, G. H. (1968). Attention in learning: Theory 
and research. New York: Wiley. 
Treiber, F., & Wilcox, S. (1984). Discrimination of number by infants. 
Infant Behavior and Development, I, 93-100. 
Wallace, J. R. (1984). Visual-motor processing: Relationships among 
age, dimensional variation, and the use of information redundancy. 
The Journal of Genetic Psychology, 145, 133-136. 
Wetryol, S. L., & Wanich, G. A. (1983). Developmental invariance of 
novelty functions contrasted to age differences in the Moss-Harlow 
effect. The Journal of Genetic Psychology, 143, 3-8. 
Wilhelm, H., & Lovaas, 0. I. (1976). Stimulus overselectivity: A 
common feature in autism and mental retardation. American Journal 
of Mental Deficiency. 81, 277-241. 
Wycoff, L. B. (1952). The role of observing responses in 
discrimination learning. Psychological Review, 59, 431-442. 
Wycoff, L. B. (1954). A mathematical model and an electronic model for 
learning. Psychological Review, fil, 89-97. 
Zaporozhets, A. V. (1957). The development of voluntary movements. In 
B. Simon (Ed.), Psychology in the Soviet Union, (pp. 108-114). 
Routledge & Kegan Paul. 
Zeaman, D. (1976). The ubiquity of novelty-familiarity (habituation?) 
effects. In T. J. Tighe & R. N. Leaton (Eds.), Habituation: 
Perspectives from child development, animal behavior, and 
neurophysiology, (pp. 195-239). Hillsdale, NJ: Erlbaum. 
Zeaman, 0., & House, B. J. (1963). The role of attention in retardate 
discrimination learning. In N. R. Ellis (Ed.), Handbook of mental 
deficiency, (pp. 159-223). New York: McGraw-Hill. 
110 
111 
APPENDICES 
Appendix A 
Graphic Representation of Discrimination Training 
for Each Subject in Experiment One 
112 
113 
B RS RV 
10 
• • • • • • • 
• 
oox • 
HAG 50 • 
0 • 
1 8 12 16 20 24 28 32 
100 • • •••••••• • • 
LAZ 
IIN 50 • 
Cl) 
CD 0 • Cl) C 
8. 
Cl) 
CD 1 8 12 16 20 24 28 32 a: 
0 
CD 
.... 
0 100 0 
•• • • • • • ~ 0 NAL • 
CIF 50 • • 
• I 
0 
1 12 16 20 24 28 32 
100 
• • ••• • • 
PIB 
•• 
MUN 50 • • 
• 
0. 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 16. Subject 1 
(continued) 
114 
8 RS RV 
100 
• • • • 
TEK ••• • 50 
SEG 
• • • 
0 • 
• • • 
1 4 8 20 24 28 32 
100 • •• . • • • • • 
• 
VIL 
DUP 5o • • 
U) 
(I) 0 • U) C 
8. 
U) 
Cl> 1 4 8 12 20 24 28 32 a: 
ti 
~ 100 0 0 •• • 
~ 0 
WAT 50 • 
RAB 
0 • 
1 4 8 12 24 28 32 
100 
• • 
YUG 
•• • FOT 50 • 
• 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 16. (continued) 
(continued) 
115 
B RS RV 
100 
••• 
KOV 50 
BEX 
0 
1 4 8 12 16 20 32 
100 ••• 
DEET 
CADE 5o • • 
en 
Cl) 
0 en C 
8. 
en 
Cl) 
a: 1 4 8 12 16 20 24 28 32 
u 
~ 
0 100 0 • ~ 0 
I 
ZOY • 50 • • HUD 
0 
1 4 8 12 16 20 24 
100 
• • 
OUIBE 
JOPE 50 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 16. (continued) 
116 
B RS RV 
10 
• • • • • • • • • • • • • 
oox 
HAG 
0 
1 8 12 16 20 24 28 32 
100 0 • • • • • • • • • • • • . . 
LAZ 50 JIN 
"' Ql 0 •• 
"' C 
0 
a. 
"' Q) 1 12 16 20 24 28 32 a: 
0 
~ 100 0 
• 0 . ,•. • • • • 
~ 0 
NAL 50 • 
CIF 
0 
1 4 12 16 20 24 28 32 
100 
• • • • • • • 
PIB 50 Ml.J'-J 
0 • • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 17. Subject 2 
(continued) 
117 
B RS RV 
100 
• •• • • • 
TEK 50 
SEG 
0. 
1 4 8 20 24 28 32 
100 • • •• • • 
VIL 
DUP 5o 
"' Cl) 0 • 
"' C 
8. 
"' Cl) 1 4 8 12 24 28 32 er 
u 
~ 
0 100 0 
~ 0 
WAT 50 • • • RAB 
• 
0 
1 4 8 12 24 28 32 
100 
• • •• 
YUG 
FOT 50 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 17. (continued) 
(continued) 
118 
B RS RV 
100 
••• • 
KOV 50 
BEX 
0 • 
\ 
1 4 8 12 16 20 24 28 32 
100 •• 
DEET 
CADE SO 
"' Q) 
"' 
0 • C 
0 
a. 
"' Q) 1 4 8 12 16 20 24 28 32 a: 
0 
~ 
0 100 0 
~ 0 
ZOY 50 HUD • 
0 
1 4 8 12 16 20 24 28 32 
100 
OUIBE 
JOPE 50 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure IZ (continued) 
119 
B RS RV 
100 
• • •• • • • • • • • 
HAC 
••• • oox 50 • • 
• 
0 
1 8 12 16 20 24 28 32 
100 • • ••• • • • • • 
• 
JIN • • 
oox 50 
(/) 
G> 0 (/) • • C 
8. 
(/) 
G> 1 12 16 20 24 28 32 a: 
u 
~ 100 0 0 • • • • • • ~ 0 
JIN I • 
,• • 
LAZ 50 • . .. •· 
I 
0. 
1 4 8 16 20 24 28 32 
100 
• • • • • • 
CIF • • 
LAZ 50 • 
0 ', 
•• 
1 4 8 -12 16 20 24 28 32 
Sessions 
Figure 18. Subject 3 
(continued) 
120 
B RS RV 
100 
• • • • • • • 
CIF 
NAL 50 
• 
0 • • 
1 4 8 12 16 20 24 28 32 
100 •• •• • • 
• 
MUN 50 • • 
NAL 
U) 0 CD 
U) 
C 
8. 
U) 1 4 8 12 24 28 32 CD 
a: 
0 
~ 100 .... 0 •• •• • • 0 
~ 0 
MUN 50 • PIB 
0 • 
1 4 8 12 16 28 32 
100 .. • • • • 
SEG • 
PIB 50 • . 
0 
l 4 8 12 16 20 24 28 32 
Sessions 
Figure 18. (continued) 
(continued) 
121 
B RS RV 
100 
•• • • 
SEG 
TEK 50 • 
• 
0 
1 4 8 12 16 20 28 32 
100 • • •• 
DUP 
TEK 50 • 
en 
Q) 0 • en 
C 
8. 
en 
Q) 1 4 8 12 16 20 24 28 C: 
u 
~ 100 0 0 
~ 0 
DUP 50 • • 
VIL 
0 
1 4 8 12 16 20 24 28 
100 
• •• 
RAB • so • VIL 
0 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 18. (continued) 
122 
8 RS RV 
100 
• • • • • • • 
oox • • 
HAG 5 
0 • • 
1 8 12 16 20 24 28 32 
100 • • •••• • • • • 
LAZ 
JIN 50 • 
U) 
Cl> 
U) 0 •• C 8. 
U) 
Cl) 
a:. 1 8 12 16 20 24 28 32 u 
~ 
0 
0 100 
~ • • •• • • • 0 
NAL 
CIF 50 
• 
0. 
1 4 12 16 20 24 28 32 
100 
• • • • • • 
PIS 
••• 
MUN 50 • 
0 • • 
1 4 8 12 16 20 24 28 32 
Sessions · 
Figure 19. Subject 4 
(continued) 
123 
B RS RV 
100 
• • • • • • • 
• • • TEK 50 • • SEG 
0 
1 4 8 16 20 24 28 32 
100 • 
VIL 
OUP 5o 
• • 
fJ) 
Q) 0 • fJ) • C 
8. 
fJ) 
<I> 1 4 8 20 24 28 32 a: 
t, 
~ 
0 100 0 •• • • • ~ 0 
WAT 50 
• 
• RAB 
0 • 
1 4 8 12 16 20 24 28 32 
100 
• • • • 
YUG • • 
FOT 50 • 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 19. {continued} 
(continued} 
124 
8 
RS RV 
100 
••• • 
KOV 50 • BEX 
0 
1 4 8 12 16 20 24 28 32 
100 • • • 
DEET 
CADE 5o 
C/) 
a, 
0 C/) • • C 8. 
C/) 
a, 
1 4 8 a: 12 16 20 24 32 
u 
~ 
0 100 0 • • • ~ 0 
ZOY 50 HUD • 
0 • 
1 4 8 12 16 20 24 32 
100 
OUIBE • 
JOPE 50 • 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 1~ (continued) 
125 
8 RS RV 
100 
• • • • • • • • 
• • 
HAC •• 
oox 50 • 
• 
• 
12 16 20 24 28 32 
• •• • • • 
• • JIN 50 
oox 
• 
U) 
0 • Q) • •• U) • • C 
0 
a. 
U) 
1 12 16 20 24 28 32 Q) a: 
u 
~ 100 0 
0 • • • • • • • 
::,e 
0 
• I • • JIN 50 • 
LAZ 
• 
0 • 
1 4 8 16 20 - 24 28 32 
100 
• • • • • 
CIF • • • • 
LAZ 50 • 
• 
• 
0 
• .. • • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 20. Subject 5 
(continued) 
126 
8 RS RV 
100 
• • • 
CIF • • 
NAL 50 • • • • • 
• • 
0 • • • 
1 4 8 24 28 32 
100 • • • 
• 
• MUN 
NAL 50 • I •• 
en 0 • QJ 
en 
C 
8. 
en 1 4 8 12 24 28 32 QJ 
a: 
u 
~ 100 • • • • 0 • 
0 
~ 0 ,• • MUN 50 
PIS • 
0 • 
1 4 8 12 16 32 
100 
• • 
SEG • • 
PIB 50 
• 
0 • 
1 4 8 12 16 ·20 24 28 32 
Sessions 
Figure 20. (continued) 
(continued) 
127 
B RS RV 
100 • • •• 
SEG 50 
TEK 
0 • • 
1 4 8 12 16 20 24 28 
100 • • •• 
DUP 
TEK 50 
Cl) 
• (1) 
Cl) 
C 0 • 8. 
Cl) 
(1) 
a: 1 4 8 12 0 16 20 24 28 32 
~ 
0 
0 100 ~ . • ; • 0 
e : 
DUP 
Vil 50 • 
0 
1 4 8 12 16 20 24 28 
100 ••• 
RAB 
VIL 50 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 20. (continued) 
128 
B RS RV 
100 
• ••••••• • • • 
• 
oox 50 HAG 
• 
1 4 8 12 16 20 24 28 32 
100 • • • • • • • 
•• ••• • 
a))( • 
50 • •• JIN 
•• 
Cl) 
G) 
Cl) 0 • C 
8. 
Cl) 
G) 
0:: 1 12 16 20 24 28 32 
0 
~ 
0 100 0 •••• • • • ~ •• 0 
LAZ • 50 • • JIN 
• 
0 
• 
1 4 12 16 20 24 28 32 
100 
• • • • • • • 
• • 
LAZ 
CIF 50 
0 • • • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 21. Subject 6 
(continued) 
VJ 
Cl) 
VJ 
C 
8. 
VJ 
Cl) 
a: 
u 
~ 
0 
0 
~ 0 
NAL 
CIF 
NAL 
MUN 
PIB 
MUN 
PIB 
SEG 
8 
100 
50 • 
0 
1 4 
100 
50 • 
0 
1 4 
100 
50 • 
0 
1 4 
100 
50 
0 • 
1 4 
Figure 21. (continued) 
8 
8 
8 
8 
129 
RS RV 
•• • • • 
• 
• 
• 
• 
20 24 28 32 
• • 
• 
• 
12 24 28 32 
• • •• • 
• 
• 
12 16 24 28 32 
- . 
• 
• 
12 16 20 24 28 32 
Sessions 
(continued) 
130 
8 RS RV 
100 
•• 
• TEK 50 
SEG 
0 • 
1 4 8 12 16 20 28 32 
100 •• • 
TEK 
DUP 50 
en 
(l) 0 • en 
C 
0 
a. 
en 
(l) 1 4 8 12 16 20 2 32 a: 
u 
~ 100 0 (.) 
• • ~ 0 
VIL 50 e i • • DUP 
0 
1 4 8 12 16 20 24 
100 
• 
VIL • 
RAB 50 • 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 21. (continued) 
131 
8 RS RV 
100 
• • • • • • • • • • • 
HAC 
OOX 50 
0 • 
1 4 8 12 16 20 24 28 32 
100 • • ••••• • • • 
JIN 
• LAZ 50 • ! 
"' 
• 
Cl) 
"' 0 • C 
0 
0. 
"' Cl) 
a: 1 
0 
4 8 12 16 20 24 28 32 
~ 
0 100 0 
~ • • • • • • 0 • 
CIF • • 
NAL 50 
• • 
• 
0 
1 4 12 16 20 24 28 32 
100 
• • • • • • • 
MUN • 
PIB 50 
0 • • 
1 4 8 12 16 20 24 28 32 
Sessions 
F~ure 22. Subject 7 
(continued) 
132 
SUBJECT 7
8 RS RV 
100 
••• • • 
SEG • 50 
TEK 
• • 
1 4 8 20 24 28 32 
100 • 
DUP 
VIL 50 ,·_. 
«I) 
a, 
.,, 
0 • C 
8. 
.,, 
en 
a: 1 4 8 16 20 24 28 32 u 
~ 
0 (.) 100 
-· ~ • • 0 
RAB . ~ 
WAT SO 
0 • 
1 4 8 12 20 24 28 32 
100 
• • • • • 
FOT 
YLG 50 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 22. (continued) 
(continued) 
133 
B RS RV 
100 
••• 
BEX 
KOV 50 
0 • 
1 4 8 12 16 24 28 32 
100 • • 
CADE 
• 
DEET 50 
.,, 
0 G> • • Cl) 
C 
8. 
Cl) 
1 4 8 12 16 24 28 32 CD a: 
0 
G> 
... 100 0 
• • 0 
:::!! 0 HUD 
ZOY 50 • 
0 • 
1 4 8 12 16 20 28 32 
100 
JOPE 
QUIBE 50 • 
0 
• 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 22.(continued) 
134 
8 RS RV 
100 
•••••• • • • • • 
HAG 
a))( 50 
0 • 
1 8 12 16 20 24 28 32 
100 • • • ••••• • .. • • 
• • 
JIN 50 
mx 
U) 0 • 
Cl> 
U) 
C 
&. 1 8 12 16 20 24 28 32 
U) 
Cl> 
a: 
u 100 ~ •• • • • • 
0 • 0 
~ 0 JIN 50 • 
LAZ 
0 • 
1 4 8 12 16 20 24 28 32 
100 
• • • • • 
.. 
• • CIF 50 • LAZ 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 23. Subject 8 
(continued) 
135 
B RS RV 
100 
• • • • • • • 
CIF 
NAL 50 • 
0 
1 4 8 16 20 24 28 32 
100 ••• • • 
MUN 50 NAL 
"' Cl> 0 • 
"' C 
8. 
"' 1 4 8 20 32 Cl) 16 24 28 a: 
0 
~ 
~ 100 0 . . • • 0 
~ 0 
MUN 50 
PIS 
0. 
1 4 8 16 20 24 28 32 
100 
• • • • 
SEG • 50 • • PIB 
0 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 23. (continued) 
{continued) 
136 
8 RS RV 
100 
••• • 
SEG 50 
TEK 
0 • 
1 4 8 12 24 28 32 
100 ••• 
DUP 
TEK 50 
.,, 
Cl> 0 • .,, C 
0 
0. 
.,, 
G> 1 4 8 a: 12 16 24 28 32 
ti 
~ 
0 100 0 
• •• ~ 0 
DUP • 
VIL 50 
0 • 
1 4 8 12 16 20 32 
100 
• • • • 
RAB 
Vil 50 
• 
0 • 
1 4 8 12 16 20 24 28 32 
Sessions 
Figure 23. (continued) 
Appendix B 
Trials to Criterion and Distribution of Errors During 
Training and Random Sequences for Each S+ Complex 
137 
Table 22 
Trials to Criterion and Distribution of Errors During Training and 
Random Sequences for Each S+ Complex 
Subj. S+ # Trials # Errors # Errors During: 
Cond. to Criterion Training Rand.Seq. 
S1 ooxwc 8 0 0 0 
Cone. LAZ JIN 14 0 0 0 
NALCIF 15 2 1 1 
PIB MUN 25 3 0 3 
TEKSEG 23 2 0 2 
VIL DUP 23 2 2 0 
WAT RAB 13 0 0 0 
YLGFOT 38 7 0 7 
KOVBEX 13 0 0 0 
DEETCADE 13 0 0 0 
ZOYHUD 14 0 0 0 
QUIBE JOPE 13 0 0 0 
Mean (X) 17.7 1.33 0.25 1.08 
S2 ooxwc 8 0 0 0 
Cone. LAZ JIN 13 0 0 0 
NALCIF 16 2 2 0 
PIB MUN 13 0 0 0 
TEKSEG 14 0 0 0 
VILDUP 13 0 0 0 
WAT RAB 36 3 0 3 
YLGFOT 13 0 0 0 
KOVBEX 15 0 0 0 
DEETCADE 13 0 0 0 
Mean (X) 15.4 0.5 0.2 0.3 
(Table Continues) 
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Table 22 (cont.) 
Subj. S+ # Trials # Errors # Errors During; 
Cond. to Criterion Training Rand.Seq. 
S3 wcoox 7 0 0 0 
Seq. JINGOX 32 4 2 2 
JIN LAZ 21 1 0 1 
CIF LAZ 13 0 0 0 
CIFNAL 22 3 0 3 
MUN NAL 23 1 0 1 
MUN PIS 13 0 0 0 
SEG PIS 21 2 0 2 
SEGTEK 23 1 0 1 
DUPTEK 16 0 0 0 
DUP VIL 13 0 0 0 
RAB VIL 26 1 0 1 
Mean (X) 19.17 1.08 0.17 0.92 
S4 OOXHAC 8 3 3 0 
Cone. LAZ JIN 13 0 0 0 
NALCIF 14 0 0 0 
PIS MUN 13 0 0 0 
TEKSEG 13 1 0 1 
VIL DUP 30 4 1 3 
WAT RAB 13 0 0 0 
YI.X3FOT 29 3 0 3 
KOVBEX 13 0 0 0 
DEETCADE 13 0 0 0 
ZOYHUD 16 0 0 0 
QUIBE JOPE 14 1 0 1 
Mean (X) 15.75 1.0 0.33 0.67 
(Table Continues) 
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Table 22 (cont.) 
Subj. S+ # Trials # Errors tt Errors During: 
ConcJ. to Criterion Training Rand. Seq. 
S5 ~oox 7 0 0 0 
Seq. JINGOX 45 10 0 10 
JIN LAZ 25 5 1 4 
CIFLAZ 13 1 0 1 
CIFNAL 29 5 0 5 
MUNNAL 30 5 0 5 
MUN PIB 18 1 0 1 
SEG PIB 33 3 0 3 
SEGTB< 13 0 0 0 
DUPTEK 13 0 0 0 
DUP VIL 13 1 0 1 
RAB VIL 13 0 0 0 
Mean (X) 21.0 2.58 0.08 2.50 
S6 OOXHl>C 9 1 1 0 
Seq. GOXJIN 15 0 0 0 
LAZJIN 45 7 0 7 
LAZCIF 13 0 0 0 
NALCIF 34 4 2 2 
NALMUN 13 0 0 1 
PIB MUN 21 1 0 1 
PIBSEG 13 1 0 1 
TEKSEG 13 1 0 1 
TEK DUP 13 0 0 0 
VIL DUP 21 2 0 2 
VIL RAB 18 1 0 1 
Mean (X) 19.0 1.50 0.25 1.25 
(Table continues) 
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Table 22 (cont.) 
Subj. S+ # Trials # Errors # Errors Dur;ng: 
Cond. to Criterion Training Rand.Seq. 
S7 KbCOOX 11 1 1 0 
Cone. JIN LAZ 29 3 0 3 
CIFNAL 14 1 0 1 
MUN PIB 13 1 0 1 
SEGTB< 13 1 0 1 
DUP VIL 13 0 0 0 
RAB WAT 13 1 0 1 
FOTYU3 13 0 0 0 
BEXKOV 17 1 1 0 
CADEDEET 13 1 0 0 
HUDZOY 13 0 0 0 
JOPE QUIBE 13 1 0 1 
Mean (X) 14.58 0.92 0.17 0.75 
S8 KbCOOX 7 0 0 0 
Seq. JINGOX 13 0 0 0 
JIN LAZ 13 0 0 0 
CIF LAZ 13 0 0 0 
CIFNAL 13 0 0 0 
MUN NAL 19 0 0 0 
MUN PIB 13 0 0 0 
SEG PIB 18 1 0 1 
SEGTB< 13 0 0 0 
DUPTEK 13 0 0 0 
DUP VIL 13 1 0 1 
RAB VIL 24 2 0 2 
Mean (X) 14.33 0.33 0 0.33 
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Table 23 
Subject's Percent of Correct Responses on Probe Trials 
Subject/ 
Condition % Correct Responses 
S+ 01 02 03 04 G 
SI GOX HAC 0 50 0 50 NA 
Cone. LAZ JIN 25 75 0 0 25 
NAL CIF 0 0 0 50 25 
PIB MUN 50 25 50 50 50 
TEK SEG 0 25 0 0 0 
VIL DUP 0 75 50 100 50 
WAT RAB 25 0 50 100 50 
YUG FOT 50 25 50 50 50 
KOV BEX 50 25 50 0 0 
DEET CADE 75 0 50 100 50 
ZOY HUD 25 50 50 50 50 
QUIBE JOPE 0 100 50 100 100 
S2 GOX HAC 0 75 0 50 NA 
Cone. LAZ JIN 0 75 50 0 25 
NAL CIF 25 50 100 100 50 
PIB MUN 25 50 0 50 0 
TEK SEG 100 50 50 100 25 
VIL DUP 25 75 50 100 50 
WAT RAB 25 0 50 0 25 
YUG FOT 50 75 100 100 50 
KOV BEX 50 75 50 0 75 
DEET CADE 0 0 50 50 0 
(Table continues) 
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Table 23 (continued) 
Subject/ 
Condit ion % Correct Responses 
S+ 01 02 03 04 G 
S3 HAC GOX 0 75 0 25 NA 
Seq. JIN GOX 0 100 0 50 NA 
JIN LAZ 25 50 50 0 50 
CIF LAZ 0 25 0 50 25 
CIF NAL 25 25 50 0 25 
MUN NAL 25 75 0 50 50 
MUN PIB 50 75 0 0 50 
SEG PIB 25 100 100 50 50 
SEG TEK 50 75 50 50 25 
DUP TEK 75 75 0 0 50 
DUP VIL 25 100 50 0 50 
RAB VIL 75 50 0 0 25 
S4 GOX HAC 25 25 0 0 NA 
Cone. LAZ JIN 50 25 50 100 75 
NAL CIF 50 25 0 0 0 
PIB MUN 0 75 50 0 25 
TEK SEG 25 0 50 0 0 
VIL DUP 0 50 0 50 0 
WAT RAB 0 50 0 0 25 
YUG FOT 0 25 50 50 25 
KOV BEX 0 25 0 0 25 
DEET CADE 25 25 50 0 0 
ZOY HUD 25 25 50 0 50 
QUIBE JOPE 25 25 0 50 50 
(Table continues) 
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Table 23 (continued) 
Subject/ 
Condition % Correct Responses 
S+ 01 02 03 04 G 
S5 HAC GOX 100 0 0 0 NA 
Seq. JIN GOX 100 0 0 0 NA 
JIN LAZ 100 0 0 0 0 
CIF LAZ 100 50 0 0 50 
CIF NAL 75 25 50 0 50 
MUN AL 25 0 0 100 25 
MUN PIB 50 75 50 0 50 
SEG PIB 25 75 100 0 50 
SEG TEK 50 50 50 50 25 
DUP TEK 50 50 0 0 0 
DUP VIL 0 750 50 0 50 
RAB VIL 25 50 0 0 0 
S6 GOX HAC 50 0 0 0 NA 
Seq. GOX JIN 50 25 0 0 NA 
LAZ JIN 100 25 50 0 50 
LAZ CIF 25 50 50 50 50 
NAL CIF 0 75 50 100 50 
NAL MUN 75 0 100 0 50 
PIB MUN 50 25 0 50 50 
PIB SEG 50 50 50 0 75 
TEK SEG 50 50 50 50 50 
TEK DUP 100 50 50 0 25 
VIL DUP 50 50 0 100 50 
VIL RAB 25 50 0 0 75 
(Table continues) 
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Table 23 (continued) 
Subject/ 
Condition % Correct Responses 
S+ 01 02 03 04 G 
S7 HAC GOX 75 25 100 0 NA 
Cone. JIN LAZ 50 25 0 0 50 
CIF NAL 75 0 100 100 0 
MUN PIB 75 25 50 50 25 
SEG TEK 25 0 50 0 25 
DUP VIL 0 25 100 50 25 
RAB WAT 50 50 50 0 50 
FOT YUG 75 25 50 50 25 
BEX KOV 25 25 50 0 25 
CADE DEET 50 25 50 50 25 
HUD ZOY 25 50 50 50 50 
JOPE QUIBE 50 25 50 0 25 
S8 HAC GOX 50 25 50 100 NA 
Seq. JIN GOX 0 25 0 50 NA 
JIN LAZ 50 0 0 0 100 
CIF LAZ 25 0 0 0 50 
CIF NAL 50 75 50 50 50 
MUN NAL 0 25 0 50 75 
MUN PIB 0 0 0 0 25 
SEG PIB 0 50 50 0 100 
SEG TEK 50 25 0 0 25 
DUP TEK 75 50 50 0 50 
DUP VIL 25 50 0 50 75 
RAB VIL 0 25 0 0 75 
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